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I. INTRODUCTION 
Numerous Investigations of the effects of atomic irradia­
tion have been carried out since the initial work of Muller in 
1927. These studies have utilized survey data on human repro­
duction and disability after irradiation in wartime or after 
accidental exposure, or controlled experiments with the labo­
ratory exposure of plants and small animals. The results have 
clearly shown radiation exposure as having both direct and ge­
netic effects; however, the extrapolation of results from spe­
cies to species is always uncertain. The Atomic Energy Commis­
sion decided to extend the observations on the genetic effects 
of irradiation to other species, including domestic animals,' in 
order to provide a broader base on which to assess the genetic 
changes that might be expected in populations subjected to ra­
diation. A large scale experiment with domestic animals is 
both time-consuming and expensive, and is feasible only with a 
prolific, litter-bearing animal, such as swine. 
The present study is an investigation of the effects of 
spermatogonial irradiation of sire and maternal grandsire on 
some quantitative characteristics of Buroc and Hampshire pigs. 
The characteristics studied were: 
(a) the number of regressing fetuses per litter, 
(b) litter size at birth, 
(c) sex ratio at birth, 
(d) mortality during early life of both sexes combined, as 
2 
measured by the proportion of the litter size at birth 
which died as still-births, or during 0-1, 2-5. or 6-20 
days of age respectively, and 
(e) mortality during early life for each sex, as measured by 
the proportion of the number of males (or females) at 
birth, which died as still-births, or during 0-1, 2-5, 
or 6-20 days of age respectively. 
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II, REVIEW OF LITERATURE 
This review summarizes the present available information 
on the genetic effects of irradiation on some quantitative 
characteristics of pigs; however, initially it is well to 
clearly distinguish between two possible types of irradiation 
effect. These may be broadly defined as those in which the 
damage caused by Irradiation is either temporary or permanent. 
Oakberg (I960) summarized the effects of irradiation on mam^ 
malian germ cells. The effects of irradiation appear to vary 
for the different stages of spermatogenesis. Type A spermato­
gonia, which are the most primitive cells in the germinal epi­
thelium, undergo three divisions; after the third division, 
most of the daughter cells transform into spermatogonia of the 
intermediate type, and are irreversibly differentiated. A few 
cells fail to differentiate and these become the stem cells 
for the next multiplicative stage. Intermediate spermatogonia 
divide to form Type B spermatogonia, which in turn divide to 
form resting primary spermatocytes. The most common radiation-
response of spermatogonia is cell-death (Oakberg, I96O), which 
occurs before the damaged cells divide. After a dose of sev­
eral hundred roentgens, all the Type B and intermediate, as 
well as most of the Type A, cells of mice are killed. Surviy 
vors from the resistant component of the Type A population mul­
tiply and repopulate the seminiferous epithelium to produce 
further spermatogonia. Kence, the genetic changes in the sper-
r 
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'matogonia, Induced by irradiation, are permanent and may be 
transmitted to future generations. 
Cells irradiated as primary spermatocytes complete mei-
otic division. Chromosomal abnormalities are common among 
surviving cells. Irradiation also readily induces genetic 
damage in spermatids and spermatozoa, ranging from possible 
point mutations to déficiences, translocations and probably 
major chromosomal changes. Since the surviving primary sper­
matocytes, spermatids and spermatozoa have a relatively short 
gametogenic life (Oakberg, i960), and are soon ejaculated or 
absorbed, the genetic damage caused by irradiation in these 
cells may be classified as temporary. 
Radiation may also have an effect on female germ cells. 
Oakberg (1960) showed that for mice, whole body irradiation of 
females at a total dose as lovr as produced complete degen­
eration within Zk hours, of all oocytes, which did not have a 
complete follicle. This resulted in permanent sterility after 
four litters, and at a dose of 400r, permanent sterility after 
one litter. However, Oakberg cited conflicting evidence in 
rabbits, humans, guinea pigs and monkeys where a return to fer­
tility did take place, so that at present the situation of per­
manent damage to the reproductive ability of females after X-
irradiation is unresolved. 
For the purposes of the current review, only male irradi-
I ation will be considered and distinction made between temporary 
and permanent genetic damage in the quoted literature. 
i 
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Dubinin (1964, pp. 272-290) has reviewed the early work 
on the effects of radiation on mammals; much of this work was 
concerned only with the detection of mutations, Hertwig, as 
quoted by Dubinin (196^, pp. 272-290), found 5-7 visible auto­
somal mutations and 4-6 lethal mutations amongst 118 offspring 
from irradiated male mice, whose sperm had received doses of 
200r to 4000r. 
As quoted by Dubinin (1964, pp. 272-290), Rotitsky, 
Neigauz and Kardymovich studied the X-ray induced steriliza­
tion of sheep. Collecting semen from three fine wool rams, 
they mixed the samples, diluted the composite sample and then 
irradiated half of the composite with 2400-3000r X-rays, leav­
ing the other half as a control. By the definition above, 
this can be classified as a temporary effect of radiation. A 
group of 725 ewes was split as the ewes came into heat, half 
being inseminated with the irradiated semen and the other half 
with the non-irradiated semen. The authors concluded that the 
viability of the semen was unaffected by the irradiation. 
There were more returns to service in the irradiated semen 
group than in the control (41.8 percent compared to 12.6 per­
cent) J further the ewes inseminated with irradiated semen gave 
6.8 percent still-births (cf. 3.4 percent in the control) and 
6.8 percent lambs dead on the second or third day of life 
(cf. 2.6 percent). The authors concluded that the X-ray effect 
was due to a destruction of the chromosomal apparatus of the 
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spermatozoa, resulting in disturbances to normal development 
of the embryos. 
Dubinin (1964, pp. 272-290) cites further evidence of the 
effect of the semen irradiation in the results of Rotitsky ^  
al,. who studied the effect of varying doses (500T to 6000r) 
of X-rays on the sperm of blue Vienna rabbits, A harmful ef­
fect of radiation of semen at fertilization was observed at 
500r, reducing the average litter size to half that of the 
non-irradiated control, while at 1250r no progeny were ob­
tained. The authors considered that the sterilization of the 
rabbits, as in the sheep, was due to the production of domi­
nant lethals by the irradiation of the sperm. 
Willham and Cox (1961) reported on t'he effect of gonial 
irradiation on the sperm production of pigs., The testes of 
six sets of four boars were irradiated with 0, 300r, 600r and 
900r, respectively, with semen collections after exposure be­
ing taken weekly on two sets and biweekly on four sets for ap­
proximately nine months; thereafter, collections were made 
monthly. .While the sperm number per collection in the boars 
not irradiated more than doubled from six months to 18 months 
(approximately 36.0 x 10^ to 87,0 x 10^), all irradiated 
groups showed a rapid decline in sperm number per collection 
after 20 days, with near absence of sperm 60 days after ex­
posure. Thereafter, there was some recovery in sperm produc­
tion although this was considerably delayed in those groups 
receiving 600r and 900r. The 300r group recovered to 47 percent 
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of the control by 75 days; the sperm count remained static at 
about this level until after 140 days when a steady improve­
ment occurred. The 600r group showed a longer period of as-
permia and at 100 days had only 24 percent of the sperm count 
of the control group; after 100 days there was a further de­
cline. 
Pace, Murphee and Hupp (1959) reported a more rapid re­
turn to pre-treatment sperm counts (after 91 days) with doses 
of 200 and 400r; however, these authors used whole body irra­
diation rather than irradiation to the testes as used by 
Willham and Cox. The latter authors concluded that the gen­
eral recovery pattern as measured by sperm number per collec­
tion, between 70 and 300 days after exposure, was linearly re­
lated to the logarithm of dose, indicating that recovery was 
a function of the number of surviving spermatogonia. 
Green, Roderick and Schlager (19^^) subjected mice to 
spermatogonial irradiation of 0, $0 and lOOr and, seven weeks 
later, mated these groups to maiden females. The delay in­
sured that the sperm of the groups were descended from irra­
diated spermatogonia. The females were killed 15 to 18 days 
after mating and the reproductive organs examined. The X-
irradiation, repeated for 11 generations, in outbred and in­
bred mice did not appear to change the rates of embryonic 
losses prior to implantation, immediately after Implantation 
or long after implantation. For example, in comparing the Or 
and lOOr groups respectively, females mated to unexposed males 
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showed, on post-mortem, an average of 10.4 corpora lutea, 2.2 
unfertilized ova, no dead embryos and 6,8 living embryos while 
the females mated to Irradiated males had 10.1, 0.8, zero and 
6.6 respectively. The differences were not statistically'sig­
nificant, Lunig and Sheridan (1964) used a higher dose of X-
irradiation (550r) on the spermatogonia of mice and 90 days 
later, mated the groups to maiden females. The females were 
killed 17 to 18 days after mating and their uterine contents 
examined. Irradiation increased the rate of intrauterine 
death, as measured by the proportion of implants which were 
dead at 1? to 18 days, by about one percent (average 8.39 com­
pared to 7.35). 
Irradiation almost certainly seems to affect pre-natal 
survival. If the percentage of returns to service is taken as 
a measure of early embryonic mortality (Mullaney, I966), then 
Cox (1964b) presents some estimate of the effect of irradia­
tion on pre-natal survival. The percentage of Duroc females 
conceiving on first service was six percent higher for those 
mated to irradiated males than for those mated to non-irradi-
ated males; however, conceptions to first service were three 
percent lower for Hampshire females mated to irradiated males 
compared to those mated to unexposed males. This suggests the 
early embryonic mortality was less in the Duroc females mated 
to irradiated sires than in those mated to non-irradiated 
males; however, the effect in the Hampshires was in the op­
posite direction. 
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Although Glembotsky, as quoted by Dubinin (1964, pp. 
272-290), used semen irradiation (2400r to 3000r), rather 
than spermatogonia! irradiation, he found that the proportion 
of ewes which were inseminated with irradiated semen (see pre­
viously quoted work of Rotitsky et sJ.. ) and which returned to 
service was 41,8 percent compared to 12.6 percent of ewes in­
seminated with non-irradiated semen. Also, the number of ewes 
fertilized by irradiated semen was only 33 percent of the con­
trol number. Hence, the effects of irradiation on early em­
bryonic mortality varied with the stage of development of the 
Irradiated germ cells. There were many associated variables, 
which were unable to be controlled in the data of both Cox and 
Glembotsky, so that the effect of irradiation on fertilization, 
implantation and early embryonic losses remains unresolved. 
Results quoted in the literature indicate that the effect 
of irradiation on litter size may vary with the type of irra­
diation used, the species and with breeds of the same species. 
Although the effect on litter size of X-irradiation of females 
will not be considered here, these effects have been widely 
reported in the literature; e.g., Oakberg (I96O) and Chapman 
et al. (1964). 
The effect of irradiation other than spermatogonial has 
shown a decrease in litter size with increase in irradiation. 
Russell (195^) showed that whole body irradiation of male mice 
with 300r reduced litter size at three weeks of age by three 
percent. Chapman•et al. (1964) found that irradiated rats 
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(whole body irradiation at a total dose of 4^0r) had litters 
which were smaller than non-irradiated rats. When litter size 
was adjusted for a function of the age of the dam, this dif­
ference was about 0.5 rats in litter size of approximately 6.5 
rats. 
Touchberry and Verley (196^) found that for each 50^ of 
whole body irradiation, the number at birth decreased by 0.^7 
offspring per litter in an outbred population of mice (0.34 for 
an inbred population). They concluded that the decrease in 
number per litter was evidence of dominant lethal mutations 
induced by irradiation. Similar results were obtained by 
Newcombe and McGregor (1964) who irradiated the testes of rats 
at about 800r and then placed the males with their mates im­
mediately after exposure. For similar numbers of control and 
irradiated sires (46l and 463 respectively), there were 111? 
litters born to the control group (10,748 offspring) and only 
916 litters to the irradiated (4495 offspring), a considerable 
decrease in litter size. Hence, it may be concluded that ir­
radiation which causes "temporary" damage (as defined pre­
viously) decreases litter size. 
The effect of spermatogonial Irradiation on litter size, 
however, does appear to differ from that of non-spermatogonial 
irradiation and be variable with dose and between species. 
Green, Roderick and Schlager (1964) using the number of living 
embryos at day 15 of gestation as a measure of litter' size 
concluded that irradiation (at 50r and lOOr) had no effect on 
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the litter size of mice. Lunig and Sheridan (1964) using a 
dose of 275r reported a five percent decrease in the litter 
size of mice. 
Cox (1964b), reporting on part of the data included in 
the present analysis, found that paternal spermatogonial ir­
radiation of 300r influenced the litter size of swine, the 
effect varying between breeds. With 383 Duroc litters and 4l8 
Hampshire litters, irradiation increased the litter size of 
Durocs by 0.57 pigs (11.28 versus 10.71) while similar irradi­
ation decreased the litter size of Hampshire pigs by 0.48 pigs 
(9.41 versus 9.89). Cox suggested that the effect of change 
in litter size may be more an effect of fertilization rates 
than an actual difference In uterine survival, although the 
results of Lunig and Sheridan (1964) of increased intra­
uterine deaths in irradiated mice suggests that such an ex­
planation may be invalid for other species. 
Sex ratio has been a commonly accepted criterion for mea­
suring the effect of irradiation. In general, the effect of 
irradiation on sex ratio has been variable, although based on 
the argument of Kohn (I96O) it might be expected that irradi­
ation of males would increase the proportion of males present 
at birth. Kohn suggested that the smaller size of the Y-chro-
mosose may render it less likely to be the site of a dominant 
lethal hit than the X-chromosome; since the Y-chromosome, at 
least in man and mice determines sex (Welshons and Russell, 
1949; Jacobs and Strong, 1949), the sex ratio would increase 
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as the relative number of Y-chromosomes increased. 
liohn used whole body irradiation of male mice at Or, 
and two doses of 262r, and after about 320 days mated these 
groups to non-irradiated virgin females. The sex ratios for 
the three groups were 41.6, 52.2 and 39.7. When the posterior 
2.5 cms of the body of the males were irradiated, the sex ratio 
was 47.5. The two results were significantly different; how­
ever, the author considered that the different methods of ex­
posure did not contribute to the difference. The differences 
may have been due to different paternal and maternal ages in 
the two experiments, as sex ratio is affected by parental age 
(Novitski and Sandler, 195^) or by differences in the breeding 
of the females used in the two experiments. Kohn cited the 
results of Hertwig and Eussell who found no significant dif­
ferences in the sex ratio of mice after irradiation of the 
whole body with 400r to lOOOr and 600r, respectively. Kohn 
also quoted the results of Schull and Neel, where after pa­
ternal exposure of Or to 200r, there was no significant dif­
ference in sex ratio of Japanese children. This was confirmed 
by Schull, Keel and Hashizume (I966). 
After litter size and sex ratio, post-natal mortality is 
possibly the characteristic used most frequently to study the 
effects of irradiation, and the reviewed literature generally 
shows that radiation decreases post-natal survival, although 
the effect may be variable. 
i 
Charles et (i960), using chronic X-irradiatlon of the 
whole body of mice at O.lr, 0.5r, l.Or, and 10.Or per day, 
concluded that there was an increase in mortality rate of 0,05 
per thousand individuals born (5.0 x 10"-^) per r-unit of pa­
ternal irradiation. Chapman et (196^) used whole body ir­
radiation of male rats with a total dose of 4^0r and reported 
a decrease of two percent in the survival of the young rats 
from birth to weaning. Newcombe and McGregor (1964) irradi­
ated the testes of rats, with 400r to lOOOr and mated the ex­
posed rats immediately after exposure to virgin females; the 
relative incidence of defects (i.e., irradiated/control) for 
the data combined over all irradiated groups was 3.68 for 
dwarf rats, 2.10 for infant dead over all litters, and 1.12 
for infant dead weighted for litter size. The authors con­
cluded that the risk of infant death before weaning doubled 
among offspring from fathers who received 800r prior to mating. 
Using the method of paternal spermatogonial irradiation 
(at 300r), Cox and Willham (I962) studied early post-natal 
mortality in the pooled data of Duroc and Hampshire litters, 
and found that the differences in^average daily mortality rate 
(control minus irradiated) were +0.0^34, +0.0056 and +0.0008 
for the following periods: born dead or dying in the first day, 
of life, dying after the day 1 but before day 6, and dying be­
tween day 6 and day 22, respectively. They concluded that pa­
ternal irradiation affected survival during the first three 
weeks of post-natal life with -good evidence for a real differ­
14 
ence in mortality at "birth and during the first day, less con­
vincing evidence for a difference between day 1 and day 6 and• 
very little evidence for a difference after day 6.^ Cox 
(1964b) reported that the percentage of pigs born that sur­
vived to 42 days, was 70.0 and 66.4 in Duroc litters from non-
irradiated and irradiated males respectively and 68.7 and 70.2 
respectively for similar groups of Hampshire pigs. This casts 
doubt on the conclusion of Cox and Willham (I962) that paternal 
irradiation affects post-natal mortality, since litter survival 
is related to litter size. 
The present review has, to this stage, considered only 
the effects of irradiation on the means of traits. Of equal 
importance is the effect of irradiation on the variability of 
the population and utilization of such induced variability, if 
any, in selection programs. 
With large doses of irradiation (up to lOO.OOOr), it has 
been possible to increase genetic variation in plants up to 
six times that in natural populations (Brock and Latter, 
quoted by Abplanalp et al., 1964). Clayton and Robertson and 
Scosseroli (both quoted by Abplanalp ^  a2., 1964) reported in­
creases in genetic variability in Drosophila after irradiation 
of both males and females with 3000r and l800r of X-irradi-
ation, respectively. In poultry, Lerner et aJ.. (1958) and 
Lowry ^  a2. (I96O) reported a large genetic variance in egg 
production, sexual maturity and production index after X-
irradiation of semen. 
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Park (1964) reported that the phenotypic variances of 
offspring by irradiated sires were larger for both Durocs and 
Hampshires than those of offspring by control sires for both 
pre-weaning (? percent) and post-weaning gains (19 percent). 
These differences were highly significant for post-weaning 
gain and almost significant for pre-weaning gains. However, 
on consideration of the effect of irradiation of maternal off­
spring by irradiated maternal grandsire the reverse situation 
was found; i.e., the phenotypic variance of the offspring by 
irradiated maternal grandsire was less than that of the con­
trol for both pre-weaning and post-weaning gains (these were 
significant for post-weaning gains). 
Although irradiation seems to increase the genetic vari­
ability of a population, the effectiveness of such treatment 
may depend on whether the character shows an average decline 
from irradiation (Brock and Latter quoted by Abplanalp et el., 
1964). Scossiroli, as quoted by Abplanalp et a2. (1964), al­
most doubled the number of sterno-pleural bristles of 
Drosophila melanogaster by alternative selection and radiation, 
while Scossiroli and Scossiroli (1959) increased bristle 
number from 17 to 25 after ten generations of selection follow­
ing 300r of male and female irradiation. However, for fitness 
characters, such as viability, the results are conflicting. 
Wallace (195&) and Carson and Giles (1964) were unable to in­
crease the viability in Drosophila with selection after irradi­
ation, while Abplanalp et al. (1964) concluded that a total 
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dose of 800r or semen was not sufficient to induce substantial 
amounts of genetic variation, accessible to selection for 
high egg production. The latter authors suggested that non-
additive genetic variation Increased, but there was no in­
crease in the additive genetic variation. Yet, Ayala (1966), 
measuring the improvement in productivity and in size of ir­
radiated populations (males with 2000r) of Drosophila serrata 
and Drosophila birchii. concluded that an increase in genetic 
variability produced by irradiation may, with natural selec­
tion, result in an increase in the rate of evolution of the 
population, and finally of the fitness of the population in 
new environments. 
Bartlett et . (I966) using Trlbolium castaneum showed 
that selection for pupal weight significantly increased pupal 
weight, but the degree of response was negatively correlated 
with the level of irradiation. Even though an increase in 
heritability and phenotypic variance was observed in some ir­
radiated lines, a decline in reproductive fitness contributed 
to smaller selection differentials and to less response from 
selection. Although it has been generally established that 
radiation, regardless of the type and site of exposure, in­
creases genetic variation, the use of this induced variation 
in selection is unresolved. 
1? 
III. EXPERIMENTAL MATERIAL AND DATA COLLECTION 
The data for this report were obtained, from 32,372 pigs 
in 3053 litters of Duroc and Hampshire breeds raised at the 
Bilsland Memorial Farm, Madridj Iowa. 
Initially both males and females were purchased in 
littermate pairs of the same sex from various private swine 
breeders located mostly in Iowa. Where possible no more than 
one pair of boars was bought from an individual breeder. 
Forty pairs of females were purchased in the spring of 1959 
and 90 pairs in the fall of the same year, with usually sev­
eral pairs from each of 39 farms. These females generally 
farrowed two litters from spring, i960 until spring, I96I. 
From and including the spring of I 9 6 I ,  the females from lit­
ters of the above animals were used as breeding sows and the 
purchase of breeding females was discontinued. Littermate 
boars were, however, still bought from breeders. Several 
boars were used in two consecutive seasons in i960 and 196I, 
but after that time boars were used in only one season. After 
1961 two pairs of boars were purchased from each farm if the 
pairs were not by the same sire. 
One boar of each pair was randomly chosen and his testes 
exposed to 300r of X-irradiation. The other boar was not ex­
posed. The boars exposed to irradiation were restrained and 
exposed to X-rays at a rate of about 100 roentgens per minute 
for a total dose of 300r (250 kvp; I5 ma; external filtration 
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= 0.^ mm Cu, 1 ram Al; HVL 1.3 mm Cu; X-ray target to center of 
testes 35 cm; average testicular diameter 6 cm; exposure rate 
in roentgens/minute was measured by Victoreen dosimeter 35 cm 
from the X-ray target and In the center of the rice phantom 6 
cm in diameter). 
In order to assume that the sperm which took part in the 
subsequent fertilizations were in the spermatogonia! stage 
during irradiation, the irradiated boars were not used for 
service until at least five months after exposure (Cox and 
Willham, I96I). 
The first member of a female pair to show estrus was 
mated to a male of the same breed. When her full sister showed 
estrus, she was mated to the full brother of the first sire. 
The mating plan is given in Figure 1. No female was used for 
breeding who had an irradiated maternal grandsire. Hence, 
four treatment groups were possible, with the combinations of 
sire and maternal grandsire treatment of Or and 300r of sperm-
atogonial irradiation. 
Litters were farrowed and raised in separate 8 ft. x I6 ft. 
pens. Assistance at birth was given when considered necessary. 
The individuals, that were dead when first found, were examined 
for evidence of respiration. If the lungs indicated that no 
respiration had occurred, these individuals were classed as 
dead at birth, otherwise they were considered to have died dur­
ing the first day. Individuals showing any obvious signs of 
decomposition, indicating that death occurred prior to birth. 
Figure 1. Mating plan for double first cousin families, Tvro full brothers mated 
to several pairs of full sisters. 
C O N T R O L  
FI PROGENY V 
P A R E N T S  
FULL 
BROTHERS 
X - R A Y E D  
300R X-IRRADIAT ION 
Y FI PROGENY 
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were classified as regressing fetuses. The placenta was ex­
amined for remains of these late fetal deaths. Young pigs 
were weighed at birth and daily mortality records were kept 
for each litter. 
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IV. KZTH0D3 OP ANALYSIS 
A. Environmental Variation 
To estimate the effects of spermatogonial Irradiation 
of sire and maternal grandsire more accurately and precisely 
the data were adjusted for the effects of known environmental 
variation. Although many sources of environmental variation 
could be postulated, the most important of these in the 
present study mere considered to be year of farrowing, season 
of farrowing and parity of the daia. 
Since Urban (1963) and others have shown that the number 
of pigs at birth (i.e., litter size) is related to both the 
pre-natal and early post-natal survival of young pigs, the 
effects of spermatogonial irradiation were corrected for the 
effect of litter size on any trait, except litter size itself 
which was not corrected. A linear regression of each trait 
(except litter size) on litter size was included in the model. 
Correction factors were estimated within breeds for each of 
the above environmental effects and the data corrected for all 
effects. 
The following linear model was used to derive the cor­
rection factors within each breed; 
yijk = G + " Sj + p% + where 
a = population mean when X is equal to zero. 
= deviation of the i'^^ year from the over-all mean, 
.23 
sj = deviation of the j season from the over-all mean, 
PT = deviation from the over-all mean due to the dam being 
on her parity, 
g = partial regression of the particular trait on litter 
size, 
^ijk " continuous independent variate for the corresponding 
^ijk observation, 
®ijk ~ random deviation of the Ijk^^ litter and contains all 
effects not otherwise described. The regression term 
was not included in the model for litter size. 
The random error was assumed to be normally distributed 
with mean zero and variance 
1  =  1 .  2  . . .  7  
j = 1. 2 
k = 1, 2 . . .11 
The components of the model had the following restric­
tions imposed in order to give a unique solution to the normal 
equations : 
2 m< = Z s, = Z p^ = 0 
, j k K J 
The correction factors were estimated by the method of 
least squares. The standard error of each correction factor 
was estimated by Vwhere was the element of the 
inverse of the variance-covariance matrix corresponding to that 
particular constant. 
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B. Differences. Between Treatment Means 
The effect of the irradiation treatments upon the means 
of each of the traits in the Duroc and Hampshire pigs were 
calculated on the corrected data using the following linear 
model : 
Yijjç = m + ai + bj + (abj^j + e^j^' where 
lijk = observed trait, 
m = over-all population mean with equal subclass fre­
quencies, 
a^ = effect due to the i^^ irradiation treatment of the 
sire, 
bj = effect due to the Irradiation treatment of the 
maternal grandsire, 
tVi (ab)ij = effect due to interaction of the i irradiation 
treatment of the sire and the 'irradiation treat­
ment of the maternal grandsire, 
tVi ®ijk ~ random errors due to the k litter, and includes 
any effect not defined above. 
i = 1, 2 
j = 1, .2 
k = 1, 2 . . . n 
It was assumed that e^j^ was normally distributed with 
mean zero, and variance a|; further, the following restric­
tions were imposed: 
£ a, = E bj = Z (ab) = E(ab)^^ = 0 
1 3 ^ 1  j  ^  
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Estimates were made of the effects of the irradiation 
treatment % usln& the method of least squares. The normal 
equations were as follows: 
m HHM 
m n.. 
0 ""•J 
hi j Y.. 
a. 
1 
• n^ . 
0 ^i- n 
^ij ^i' 
'"'j 0 ""'j 0 • ^-3 
(ab)ij 
^1 j 
0 ^13 
The total reduction in sum of squares was equal to: 
p-1 q—_L 
mY.. + Z a, (Y.-Y* ) + Z b, (Y.^-Y..) 
1=1 1 J ^ 
(Ïlj-Ylq-Ypj+Ypq) 
= R (ri, Si, bj, (ab)^j) 
urror Sum of Squares 
- R (m, a^, bj, (ab)^^) 
U, 
= E Z E 
1 j k 
The suas of squares for A, 3, and (A3) were calculated di­
rectly from the variance-covariance matrix. The least squares 
^  (A  
estimates for the classes of A and 3 are given by m + aj_ and 
A * 
m + bj, respectively. The standard errors of these were com­
puted from the appropriate elements of the inverse matrix and 
Ce. 
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Treatments of both sire and maternal grandsire were re­
garded as fixed and the analysis of variance table was: 
Source d.f, Expected mean square 
Sire Treatment (a) 1 -i- kjos 
Maternal Grandsire 
Treatment (b) 1 Q CD 
M 
•h 
Sire X Maternal 
Grandsire (ab) 1 
Error 2ZZ 
"ijk-4 0: 
ijk 
The k values were calculated by the procedure outlined by 
Harvey (I96O) such that: 
k = 1 Tz - 1 22 
m Li ÎTf. 
where Z is the inverse of the square symmetrical segment of 
the variance-covariance inverse. For each k, the second term 
in the parenthesis is zero; i.e., 
k = li 2zi^l , where for k, , m = 4 
sLi J 1 
kg, m = 2 
k m = 2. 
C. Skewness and Kurtosis 
The third moment about the mean can be used to get a 
measure of skewness, or departure from symmetry about the mean 
of the distribution, while the fourth moment can be used to 
get a measure of the relative flatness or peakedness of the 
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distribution, called kurtosis (Anderson and Bancroft, 1952). 
The normality and the effects of irradiation on the dis­
tribution, of each of the traits within each breed were ex­
amined or) the corrected data. The non-dimensional statistics 
gn (skewness) and (kurtosis) as given by Fisher (1958) were 
calculated as follows: 
Si = k^ S2 = --4 
k^372 k2^ 
where E(x-u)^ = k^^ moment of x about the mean; i.e., k^^ 
moment = z(x-u)^f(x). 
So, 
k-, = TX 
n 
'2 „ 
= 1 r s (x-x)2\ 
h-l L 
(x-x)3j 
^ (n+1) Z(%-x)^ - 3(n-l)(Z(x-x)^)^j 
k = n 
(n-l)(n-2) 
% = 2 
(n-1)(n-2)(n-3) 
If @2^ is zero, there is no departure from symmetry, while 
a negative g. indicates an asymmetry with an excess of items 
larger than the mean drawing the peak of the frequency curve 
towards the right. A positive value of gg indicates an excess 
of items near the mean and far from it, with a corresponding 
depletion of the sides of the distribution. Negative values 
of gg result from flat-topped distribution curves. 
28 
D. Estimation of Components of Variance 
The effects of spermatogonia! irradiation on the variance 
of the traits were estimated from hierarohal analyses of var­
iance. 
The following model was used for each breed for estima­
tion of the effect of the sire on each trait (these analyses 
were later pooled over breeds): 
= m + where 
^ijk ~ observed trait, , 
m = over-all mean with equal subclass frequencies, 
tj_ = effect due to the i^^ irradiation treatment of the sire, 
s^j = effect due to the sire, subjected to the i^^ ir­
radiation treatment, 
®ijk ~ errors peculiar to the dam, mated to the 
sire of the i^^ irradiation group; this includes 
all effects, not defined above. 
i = 1, 2 
j— 1, 2, . « n 
k = 1, 2 . . . n^j 
The analysis of variance within breed was as follows in 
Table 1. In this analysis the maternal grandsire treatment 
was ignored. 
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Table 1. Analysis of variance of irradiation treatments, 
sires within treatments, dams within sire 
Source d.f Expected mean squares 
Treatments 1 0# + kzc# + 
Sires within 
Treatments E n^ — 2 
Dams within Sires L n. 
i 1 
The estimation of the sire component of variance was made 
using the following model within breeds (breeds were later 
pooled in a further analysis): 
%ijkrl = u + + gij + %ijk + &ijkr + Gljkrl. where 
^ijkrl ~ observed trait, 
u = over-all mean with equal subclass frequencies, 
tj_ = effect due to the i^^ treatment of the sire, 
= effect due to the. sire receiving the i"''^ irradi- . 
atlon treatment, 
mijk = effect due to the k^^ dam mated to the sire, 
which received the i^^ irradiation level, 
^ijkr ~ effect due to the r^^ daughter of the k"^^ dam', 
®ijkrl ~ random effects peculiar to the 1"^^ record of the r"^^ 
daughter; this includes all effects not defined above. 
i = 1, 2 
j — 1, 2. . . n 
k — 1, 2 « e s n^ J 
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r = 1,  2 .  
' ^Ijk 
1 1 .  2  . . .  n  Ijkr 
The analysis of variance within breed was as follows 
in Table 2. 
Heritabilities and repeatabilities of the traits were 
estimated from this analysis. The sire component can be re­
garded as the covarlance of half sibs, and heritability. es­
timated as: 
heritability (h ) 
or from dam component 
or from full sibs 
+ aj| + 4- 0, 
^G °d + 0^ 
2 (aJ . r a. p 
+ of G • ~ i'i " " d • ~ e 
and the standard error of the heritability estimated from the 
sire component is approximately equal to 
og + 0% + Od + ^ 2 
The variance of Og was approximated using the variance of a 
mean square as (2(M.S. )^/d.f. ) and assuming that k^ = kg = k;^ 
and k^ = k^. A similar notation may be used for the standard 
error of the heritability as estimated from the dam component 
and the full sib component. 
Table 2. Analyses of variance of irradiation treatments, daras within sires, 
daughters within dams, records within daughters 
Source d. f. Expected mean square 
Treatments 1 Og + + kgo3 + knog + k^go^ 
Sires/Treatments E - 2 + ^ 2^°d 
Dams/Sires 2 n^j - Z n^ og 4- + k^a^ 
Daughters/Dams E n^; - Z n. . of + k-,of 
Ijk ij ^ 
Records/Daughters E n^ - Z naa^ of 
Ijkr J ijk 
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The repeatability (r) of the traits i.e., repeatability 
of the dam's records ims estimated by 
2 2 2 
r = cC- -r 0 M + G G 
3 3 2 2 
oG -1- o/] -r oa + oe 
The regression of daughter on dam using both primiparous 
and second records of dam and daughter were calculated for 
each of the traits to give further estimates of heritability, 
together with estimates of the phenotypic and genetic correla­
tions of the traits. The data used were previously corrected 
for year of birth, season of birth, parity of dam and litter 
size. Since individual dams varied widely in the number of 
their records available, and parent-offspring regressions 
should either be performed on records which are comparable in 
both dam and daughter, or the mean values of the offspring 
weighted according to the number of offspring in each family 
(ICempthorne and Tandon, 1953), analyses were made using only 
the primlparous or the second parity records. Records were 
matched as foilows: 
dam parity 1 - - daughter parity 1 
dam parity 1 - - daughter parity 2 
dam parity 2 - - daughter parity 1 
dam parity 2 - - daughter parity 2 
and analyses performed within such matches. These separate 
analyses were later added together. 
Estimates of the phenotypic correlations, heritability 
and genetic correlations were made according to the methods 
of Lush (19'J-5) and Hazel (19^0), respectively. 
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V. RESULTS AND DISCUSSION 
A. Average Reproductive Performance of 
Duroc and Hampshire Pigs 
Table 3 shows the means of the characteristics of litter 
size and early post-natal mortality in Duroc and Hampshire 
pigs. The means have been calculated over all litters within 
each breed. The total mortality and the mortality for each 
sex are quoted as proportion dead at a given time or during a 
given period relative to the number alive at birth; hence, the 
results are presented as the incidence of death in the defined 
periods, and not as absolute mortality rates. All analyses on 
mortality were carried out using the arc sine transformation 
of the proportion. 
The Duroc sows had about one pig more per litter than the 
Hampshire sows at farrowing, Duroc litters had almost twice 
as many regressing fetuses as the Hampshire litters. The av­
erage litter sizes of the two breeds in this study are similar 
to other results (Lush and Molln, 19^2; Urban, 1963). 
Polge et @2. (1966) estimate the normal ovulation rate in 
pigs as being between 12 and 18 eggs with fertilization rates 
usually high. Yet the total number of embryos at birth i.e., 
litter size plus the number of regressing fetuses, was only 
10.9 for the Duroc litters and about 10.0 for the Hampshire lit 
ters. Hence, the nujaber of regressing fetuses appears to be 
only a minor indication of the total uterine deaths. Most of 
the losses occur between conception and about 30 days pre-
parturition. 
The sex ratio, the proportion of males, in the Duroc lit­
ters (0.498) differed from that of the Hampshire litters 
(0.515). These are similar to other estimates of sex ratios 
for swine; e.g., 0,53 (Parlce's, 1925). 0.48, O.56 and O.51 
(Lawrence, 1941). 
The mortality to 20 days of life was about 25 percent of 
the litter size at birth, with the Duroc litters having a 
higher mortality rate (25.4 percent) than the Hampshire lit­
ters (23.6 percent). Similar total mortality figures for swine 
have been quoted by Pomeroy (1951). McDonald et (I963) and 
Todd (1964). No marked discrepancy was noted in the distribu­
tion of the time of death during the observed three-week period 
in both breeds, although the incidence of death was generally 
higher in each period for the Duroc litters. Since litter mor­
tality is related to litter size (Table 5). the higher inci­
dence of death in the Duroc litters is probably attributable to 
the larger litter size. 
The percentage of still-births (6 percent) in the present 
study was similar to other figures quoted in the literature 
(Ohrdorf, 1962; Kernkamp, I965; Lynch, I965). The mortality of 
male pigs was higher than that of female pigs in most periods 
of observation in both breeds. About one to three percent more 
male pigs than female pigs died up to and including 20 days of 
age; however, there appeared little discrepancy in the 
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Table 3. Means for regressing fetuses, litter size, sex 
ratio and mortality^ of Duroc and Hampshire litters 
Trait Duroc^ Hampshire^ 
Number of litters 1498 1555 
Regressing fetuses 0.599 0.31? 
Litter size at birth. 10.571 9.73? 
Sex ratio 0.498 O.515 
Total Mortality; 
Still-born 5.8# 6.1# 
Dead at 0-1 days 5.2^ 4.1^ 
Dead at 2-5 days 9.0^ 7.2# 
Dead at 6-20 days 5.4# 5.2# 
Female Mortality: 
Still-born 4,0# 5.1# 
Dead at 0-1 days 3.9# . 3.7# 
Dead at 2-5 days 7.4# 5.1# 
Dead at 6-20 days 3.3# 3.2# 
Male Mortality; 
Still-born 5.6# 5.0# 
Dead at 0-1 days 4.0# 3.6# 
Dead at 2-5 days. 7.4# 5.4# 
Dead at 6-20 days 5.8# 4.0# 
^Means converted from means of transformed data and quoted 
as percent of litter size at birth dead at a given time. 
^PemalTe mortality based on 1492 litters, male mortality 
1485 litters. 
^Female mortality based on 1540 litters, male mortality 
1548 litters. 
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distribution of mortality of the two sexes. A higher mor­
tality among male pigs both as still-births and in early post­
natal life have been reported by Lawrence (1941) and McDonald 
et al. (1963). Duroc pigs, both male and female, had a higher 
incidence of death during 0-1 days of age than Hampshire pigs. 
However, for the Duroc litters, there was a greater loss of 
males than females in the 2-5 day period, while in the Hampshire 
litters more females than males died in the same period. The 
differential mortality between sexes in each breed during the 
2-5 day period was in the opposite direction to that recorded 
for mortality as still-births. The sex ratio of the Duroc lit­
ters decreased slightly with increasing age, while that of the 
Hampshire litters varied with increasing age of the litter 
(Table 4). The results in the combined data of Cox (I96O) 
Table 4. Sex ratio in Duroc and Hampshire pigs at birth and 
during various early post-natal periods 
Breed At birth At birth After After After 20 
not in­ one day five days days 
cluding 
still-births 
Duroc .498 .499 .498 .497 .493 
Hampshire .515 .508 .507 .511 .509 
for seven breeds of purebred and crossbred swine also give 
decreasing sex ratios with increasing age of litter. 
38 
B. The Effects of Certain Environmental Factors on 
Litter Size and Early Post-natal Mortality 
The least squares estimates of the effects of the year of 
birth of the litter, season of birth of the litter, parity of 
the dam and the regression of the characteristic on litter size 
are presented in Table The numbers on ^ hloh these are based 
are shown in Table 6. The analyses of variance of these envi­
ronmental effects are given in Table 7. 
The year of birth of the litter was variable in its effect 
on the traits studied. The mortality of the Duroc litters in 
the periods 0-1 days and 6-20 days were significantly affected 
by the year of birth of the litter. The significant effect was 
due mainly to a high mortality in I961 in the 0-1 day period 
and In I962 in the 6-20 day period. An increase in female 
mortality appears largely responsible for the effect in these 
years, rather than an over-all increase in mortality in both 
I 
sexes. An explanation of such an effect is not apparent. The 
litter size and the mortality during the 2-5 day period was af­
fected significantly in the Hampshire pigs. 
The significant effect of year of birth on Hampshire lit­
ter size could be attributed to a large decrease in litter size 
in 1965. In this year, the incidence of spontaneous abortions 
was higher than normal, probably due to an unidentified pathogen, 
which may have also increased early pre-natal mortality result­
ing in a smaller litter size at birth. Mortality of the Hamp­
shire pigs in the 2-5 day period was much greater after I963 
Table 5. Least squares estimates of the effects of year of birth of litter, season 
of birth of litter, parity of dam and regression of trait on litter size 
Effect 
fetuse 
Year of birth i960 0.197 
of litter 1961 -0.092 
1962 -0.098 
1963 0.002 
1964 0.003 
1965 0.078 
1966 -0.090 
Season of birth Snring 0.035 
of litter Pall -0.035 
Parity of darn 1 -0.079 
2 -0.045 
3 -0.067 
4 0.203 
5 -0.023 
6 0.254 
7 0.154 
8 0.029 
9 0.210 
10 
-0.355 
11 -0.282 
Duroc 
Regressing Litter Sex 
size Rat i o 
rianipsnire 
Regress ins: Litter 
fetuses size 
Sex 
ratio 
0.437 
0.279 
-0.197 
0.239 
.0.185 
.0 .200 
-0.392 
0.053 
>53 .o.o<^
-1.745 
.0 . 4 9 9  
0.445 
0.407 
0.703 
0.707 
0.6&1 
.0.364 
.1.084 
-0.397 
1.146 
0.012 
0.001 
-0.012 
.0.003 
.0.029 
0.007 
0.024 
.0.006 
0.006 
.0.029 
-0.011 
.0.012 
.0.019 
.0.003 
-0.010 
0 .000  
0.025 
0.020 
0.045 
-0.006 
0.111 
-0.061 
-0.016 
- 0 . 0 0 0  
0.032 
-0.035 
-0.031 
-0 .008  
0 .008  
0.035 
-0.120 
-0.009 
0.126 
0.076 
0.096 
0.069 
0.066 
-0.003 
-0.080 
-0.256 
0.2S4 
0.320 
.0.063 
0.117 
0.251 
.0.770 
-0.109 
0.108 
-0.108 
-2.293 
-1 .005  
0 .116  
0 . 8 2 0  
0.566 
0.539 
-0.369 
0.291 
-0.233 
0.187 
1.5 68 
. 0 .002  
.0.003 
0.009 
0.001 
0.001 
-0.007 
0.010 
0 . 0 0 2  
- 0 . 0 0 2  
-0.006 
-0.019 
-0.004 
-0.001 
0 .000  
-0.012 
0.014 
0.007 
-0.068 
0.068 
O.C4l 
\o 
Berression of ;rait on 
litte ;ize at birth 
-0.010 
±0.009: 
0.002 -0.009 
:0.002 ±0.008 
.0.003 
:0 .002  
^'Standard error of estinate of regression. 
Table 5 (Continued) 
Duroc mortality^ at Hampshire mortalityg at: 
Eff ect Still 0-1 2-5 6-20 still 0-1 2-5 6-20 
born days days days born days days days 
I'-iean 0.176 0.157 0.223 0.165 0.181 0.143 0.188 0.159 
Year of birth I96O 0.011 -0.047 -0.002 -0.024 0.044 0.002 -0.026 -0.005 
of litter 1961 -0.030 0.061 
-0.035 -0.028 0.000 0.010 -0.050 0.013 
1962 0.007 0.028 0.018 0.069 0.024 0.007 -0.013 0.015 
1963 0.006 0.010 0.022 0.015 -0.012 -0.002 -0.029 -0.004 
1964 -0.007 -0.001 0.015 -0.015 -0.028 -0.002 0.030 -0.012 
1965 0.014 -0.013 -0.008 0.001 -0.030 -0.018 0.049 0.180 
1906 -0.001 -0.038 -0.010 -0.018, 0.002 0.003 0.039 0.180 
Season of Spring -0,005 0.014 -0.001 0.007 0.005 0.006 0.007 0.009 
birth of Fall 0.005 -0.014 0.001 -0.007 -0.005 -0.006 -0.007 -0.009 
litter 
Parity of dam 1 -0.077 
2 -0.128 
3 -0.126 
4 -0.093 
5 -0.055 
6 0.020 
7 -0.004 
8 0.046 
9 0.108 
10 0.069 
11 0.245 
Regression of trait O.OO3 
on litter size at ±0.002 
birth 
h 
-0.007 
-0.052 
-0.035 
-0.033 
-0.030 
-0.025 
-0 .020 
-0.020 
0.118 
-0.011 
0.115 
0.014 
±0.002 
—0. 110 -0. 083 -0 .146 0. 050 -0. 039 -0. 021 
—0 • 149 -0. 090 -0 .186 -0. 025 -0. 072 -0. 026 
-0. 115 -0. -92 -0 .143 -0. 016 -0. 070 -0. 009 
-0. 053 -0. 086 -0 .069 -0. 014 -0. 001 -0. 013 
-0. 034 -0. 046 -0 .006 -0. 022 0. 001 0. 029 
0. 002 -0. 047 -0 .004 0. 023 0. 006 0. 000 
0. 008 0. 023 0 .080 0. 027 -0. 007. 0. 013 
0. 132 0. 033 0 .038 0. 045 -0. 016 0. 001 
0. 036 0. 123 0 .111 -0. 018 -0, 036 0. 006 
0. 137 0. 212 0 .203 -0. 067 0. 069 -0. 030 
0. 146 0. 053 0 .122 0. 017 0. 165 0. 050 
0. 023 0. 016 0 .067 0. 010 0. 014 0. 014 
±0. 002 ±0. 002 ±0 .002 ±0. 002 ±0. 003 ±0. 002 
^Data quoted as arc sine 
birth dead in defined period. 
X (radians) where x = proportion of litter size at 
'^Standard error of estimate of regression. 
Table 5 (Continued) 
Effect 
Diiroc 
Still 
born 
female in 
0-1 
days 
Mean 0.140 0.122 
Year of bir 
of litter 
th i960 
1961 
1962 
1963 
1964 
1965 
1966 
0.009 
-0.024 
0.006 
0.004 
-0.014 
0.015 
0.004 
-0.052 
0.059 
0.04l 
0.011 
-0.009 
-0.014 
-0.036 
Season of 
birth of 
Srrinr 
Fall 
0
 0
 
0
 0
 
0
 0
 
0.009 
-0.009 
litter 
1 -0.069 -0.003 
2 -0.112 -0.049 
3 -0.135 -0.025 
4 -0.071 -0.032 
5 -0.065 -0.023 
6 0.048 
-0.017 
7 -0.004 0.012 
8 0.012 -0.019 
9 -0.007 0.139 
10 0.023 0.001 
Regression of trait 0.00-4 
on litter size at ±0.002^ 
0.012 
±0.002 
^talitv:'.: at: Hampshire female mortality^ 
2-5 6-20 Still 0-1 2-5 6-20 
days days born days days deys 
0.194 
0.010 
0.045 
0.003 
0.009 
0.036 
0.006 
0.007 
0 .002  
0 .002  
0.105 
0.119 
0.109 
0.064 
0.016 
0.008 
0.045 
0.l40 
0 . 0 2 2  
0.054 
0 . 0 2 2  
0.003 
0.127 
-0.017 
-0.009 
0.062 
-0.003 
-0.020 
0.010 
-0.023 
0.018 
-0.018 
-0.071 
-0.070 
-0.064 
-0.077 
-0.088 
-0.065 
0.031 
-0.028 
0.079 
0.246 
0.014 
i0.002 
0.155 
0.045 
0 . 0 2 2  
0.011 
-0.027 
-0.027 
-0.004 
-0.020 
- 0 . 0 0 2  
0 . 0 0 2  
-0.098 
-0.144 
-0.094 
-0.042 
0.051 
-0.004 
0.067 
0 . 0 2 2  
0.120 
0.203 
0.012 
iO.003 
0.116 
-0.001 
0.013 
0.007 
0.005 
0.002  
- 0 . 0 2 0  
"O.OO6 
0.004 
-0.004 
0.045 
-0.039 
-0.012 
-0.029 
-0.053 
0.051 
0.035 
0.083 
-0.014 
-0.098 
0 .008  
±0.003 
0.156 
-0.031 
-0.027 
-0.011 
-0.026 
0.036 
0.026 
0.033 
0.004 
-0.004 
-0.081 
-0.085 
-0.079 
-0.031 
-0.016 
-0.044 
-0.016 
-0.034 
-0.082 
0.126 
0.013 
±0.003 
0.119 
0.009 
-0.012 
0.016 
-0.012 
-0.009 
-0.013 
0.027 
0.011 
-0.011 
-0.009 
-0.012 
-0.007 
-0.021 
0.037 
0.004 
0.065 
-0.034 
0.007 
-0.045 
0.010 
± 0 . 0 0 2  
Duroc male mortality^ at : Hampshire male mortality^ at 
:ffect Still 0-1 2-5 6-20 Still 0-1 2-5 6-20 
born days rlays days born days days days 
r'ean 0. H
 
CO
 
0. 141 0. 194 0.148 0. 151 0. 131 . 0. 165 0. I4l 
Year of bir th i960 0. 002 -0., 028 -0. 008 -0.032 0. 036 0. 007 -0. 029 0. 002 
of litter 1961 -0. 022 0. 058 -0. 017 -0.031 "0, 013 0. 007 -0. 057 0. 019 
1962 0. 017 0. 008 0, 033 0.075 0. 031 0. 012 -0. 005 0. 018 
1963 0. 012 0. 013 0. 042 0.013 0, 009 -0. 012 "0. 033 0. 013 
1964 0. 000 0. 005 "0. 017 -0.012 -0. 024 0. 003 0. 032 -0. 018 
1965 -0. 006 -0, 017 -0. 014 -0.005 -0. c43 -0. 012 0. 057 -0. 025 
1966 -0. 003 -0. 039 -0. 019 -0.013 0. 004 -0. 005 0. 035 -0. 009 
Season of Spring -0. 009 0. 016 0. 000 -0.004 0. 009 0. 008 0. 005 0. 014 
birth of Fall 0. 009 -0. 016 0. 000 0.004 -0. 009 -0. OOB — 0. 005 -0. 014 
litter 
Parity of dam 1 
2 
2 
I 
7 
8 
9 
10 
II 
-0.083 
-0.119 
-0.109 
-0.118 
-0.04] 
0.003 
-0.007 
0.069 
0.154 
0.055 
0.198 
Regression of trait 0,003 
h 
"0. 003 «-0 .106 -0. 077 — 0 « 177 -o.o4o ~0. 006 -0. 022 
-0. 037 -0 .169 -0. 092 "0, 195 -0.029 -0. 057 "0. 020 
—0. 027 -0 .116 -0. 099 — 0, 168 -0.014 -0. 053 0. 001 
-0. 032 -0 .057 ~0. 075 -0. 080 -0.030 0. 005 — 0 « 006 
-0. 033 -0 .043 -0. 072 -0. 063 0.011 0. 014 0, 016 
"0. 009 -0 .010 -0. 028 0. 004 -0.018 0. 057 0. 009 
-0. 035 0 .042 0. 012 0. 072 0.015 0. oil -0, 015 
-0. 013 0 .109 0. 065 0. 069 -0.004 -0. 022 0. 043 
0. 107 0 .058 0. 173 0. 119 0.014 -0. 107 "0, 012 
~0, 005 0 .183 0. 174 0. 157 -0.033 0. 083 -0. 046 
0. 087 0 .109 0, 019 0. 262 0.048 -0. 015 0. 052 
0. 010 0 .023 0. 012 .0. 001 0.007 0. 016 0. 013 
±0. 002 :tO .003 zh O . 002 ±0. 003 ±0.003 ±0. 003 iO , 002 
birth 
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than before; male mortality in this period was significantly 
affected by the year of birth and the mortality of male pigs 
increased almost twofold after 19^3, while the female mor­
tality was unchanged. The significant effect of the year of 
birth on the total mortality of Hampshire pigs in the 2-5 day 
period could be attributable to this differential mortality 
rate between sexes. 
Season of birth of the litter had little or no effect on 
the characteristics studied, except that significantly more 
deaths occurred in the Duroc litters bom in spring than those 
born in fall. Menzies-Kitchen (1937) and Pomeroy (1951) re­
ported a higher Incidence of mortality in litters farrowed in 
winter, which is in the opposite direction to the present re­
sults . 
The parity of the dam had highly significant effects 
(P < 0.01) on both litter size and the mortality of the lit­
ters in both breeds, but little or no effect on the number of 
regressing fetuses or the sex ratio. As the parity of the dam 
increased, the average litter size increased with a peak of 
litter size occurring about the fourth or fifth parity. The 
litters farrowed by gilts were much smaller than those of 
older sows, and sows on .even their ninth parity produced more 
pigs than gilts. In the present study, parity of the dam may 
be regarded as a linear function of the age of the dam; as 
such the effects of increase in the parity of the dam' on the 
subsequent litter size at birth are consistent with other 
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results. Keith (1930) found that the peak of litter size oc­
curred at about 4^ years of age; similar results are given by 
Lush and Molln (1942). 
Polge et a2. (1966) concluded that at least four embryos 
are required to establish and maintain pregnancy, so that ex­
ceptionally low litter sizes in pigs at the time of parturi­
tion must result from embryonic losses occurring late in preg­
nancy. The-gilts generally had much smaller litters, yet did 
not have a greater incidence of regressing fetuses than the 
older sows, so that the lower litter size of gilts is probably 
due to a generally lower ovulation rate or fertilization rate 
or an early pre-natal loss after establishment of pregnancy 
rather than late fetal losses. 
Both total mortality and mortality within each sex in­
creased significantly in most of the observed time.periods as 
the parity of the dam Increased. There was, however, no ef­
fect of parity of dam on the mortality of either sex in the 
Duroc litters during the 0-1 day period or on the female mor­
tality of the Hampshire litters in the same period. Gilt lit­
ters had the lowest mortality in all periods; the lower mor­
tality after birth is probably partly due to the smaller lit­
ter size. 
Sex ratio of the litters seemed to be unaffected by the 
parity of the dam. This is in contrast to the results of 
Hannah, as quoted by Yanders (I965), who found that aged human 
females gave birth to an increased proportion of males in the 
Table 6. Total number of litters observed in each environmental class 
Erivi ronraental 
Factor 
Breed 
Duroc Hampshire 
Environmental 
Factor 
Breed 
Duroc Hampshire 
Year of Birth 
Parity of Dam 
i960 134 136 Litter size 0 0 1 
1961 226 216 at Birth 1 2 4 
1962 219 256 2 16 14 
1963 2^5 291 3 8 22 
1964 289 303 4 18 33 
1965 24? 226 5 40 58 
i960 138 128 6 53 80 
7 75 114 
Spring 818 820 8 121 135 
Fall 680 736 9 153 233 
10 209 196 
1 557 545 11 208 234 
2 384 381 12 197 172 
3 199 199 13 187 137 
4 116 I4l 14 100 78 
5 82 108 15 64 30 
6 63 68 16 27 • 11 
7 42 48 17 11 3 
8 27 30 18 6 1 
9 16 22 19 3 0 
10 8 10 
11 4 4 
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progeny. However, Novitski and Kimball (1958) found no sig­
nificant effect of maternal age either by regression of sex 
ratio on age or by a chi-square test for heterogeneity. 
Yanders (I965) and Novitski and Sandler (1950) did report that 
for Drosophila and humans, an increase in paternal age gave a 
decrease in the proportion of males independent of maternal 
age. In the present study, the effect of paternal age on sex 
ratio could not be investigated, since all boars were about 
12-15 months of age when first mated, and were used for only 
one season. 
An increase in litter size did not affect the incidence 
of regressing fetuses, yet had a highly significant effect in 
increasing the mortality of litters in most of the periods of 
observation. Although the regression of the number of re­
gressing fetuses on litter size was not significant, there was 
a trend of a decrease in the number of regressing fetuses 
with increase in litter size. This relationship is expected, 
since a negative correlation between litter size and the 
number of regressing fetuses is inherent in the definition of 
litter size as the total number of embryos at birth less the 
number of regressing fetuses. 
The Hampshire litters showed a decrease in the number of 
males born with increase in litter size, although no effect 
of litter size on sex ratio was found in the Duroc litters. 
Parkes (1923a) reviewing the literature on sex ratio up until 
that time, found no evidence of any effect of litter size on 
Table 7. Analysis of variance of environmental effects and traits studied in 
Duroc and Hampshire, pigs 
Duroc Hampshire 
Environmental Trs.it Degrees Residual Environ. Residual Environ. 
eff ect of mean mean mean mean , 
freedom®' square square square square 
Year of birth Reg. fetuses 6 1.0041 1.7826 0.6309 0.5134 
of litter Litter size 6 7.8550 15.0715 6.8759 24.4779** 
Sex ratio 6 0.0277 0.0580 0.0280 0.0106 
Mortality; 
,0.0466 Still-born 6 0.0535 0.0587 0.1178 
0-1 days 6 0.0449 0.2444^^** 0.0549 0.0151 
2-5 days 6 0.0560 O.O831 0.0683 0.2493** 
6-20 days 6 0.0447 0.2265*** 0.0467 0.0457 
Season of birth Reg. fetuses 1 Cb 1.6096 D^ 0.0833 
of litter Litter size 1 c 3.6173 D 15.8483 
Sex ratio 1 c 0.0546 D 0.0033 
Mortality : 
Still-born 1 c 0.0278 D 0.0308 
0-1 days 1 c 0.2564* D 0.0412 
2-5 days 1 c 0.0022 D 0.0695 
6-20 days 1 c 0.0598 D 0.1199 
^'Degrees of freedom for residual M.S. for Hampshire = 1537, (1538 for effects 
on litter size), = 14-79 for Duroc (1480 for effects on litter size). 
^Residual mean squares as quoted for year of birth of litter effect. 
*p < 0.05. 
P < 0.01. 
P < 0.001. 
Table 7 (Continued) 
environmental Trait Deg: 
effect of 
freedom®-
Parity of dara Reg. fetuses 10 
Litter size 10 
Sex ratio 10 
Mortality : 
Still-born 10 
0-1 days 10 
2-5 days 10 
6-20 days 10 
Regression of Reg. fetuses 1 
trait on Sex ratio 1 
litter size Mortality ; 
Still-born 1 
0-1 days 1 
2-5 days 1 
6-20 days 1 
Duroc Hampshire 
Resic ual Environ. Residual Environ. 
mean mean mean mean 
square sauare square square 
1.4<64 0.974? 
C 112.6726*** D 164.0940*** 
c 0.0200 D 0.0273 
c 0.3464*** D 0.7614*** 
c 0.0826 D 0.1525** 
c 0.4484*** D 0.1284 
c 0.2105*** D 0.0303*** 
G - 1.3738 D 0.9517 
.C 0.0267 D 0.1147 
C 0.0829 D 0.4618*** 
C 2.1621*** D 0.9875*** 
c 6.3383*** D 2.0790*** 
c 2.8177*** D 2.1067*** 
Table 7 (Continued) 
Duroc Hamp shire 
Envi r onrnentaD, Trait Degrees Residual Environ. Residual Environ. 
effect of mean mean mean mean 
freedom^ square square square square 
Year of birth Female mortality 
0.0428 of litter Still-born 6 0.0641 0.0778 0.1113 
0-1 days 6 0.0546 0.2745*** 0.0691 0.0201 
2-5 days 6 0.0796 0.1339 0,0880 0.1569 
6-20 days 6 0.0557 0.1748** 0.0616 0.0540 
Male mortality: 
Still-born 6 0.0672 0.0332 0.0760 0.1522 
0-1 days 6 0.0645 0.I807 0.0748 0.0198 
2-5 days 6 0.0781 0.1420 0.0799 0.3072*** 
6-20 days 6 0.0626 0.2657 0.0628 0.0620 
Season of Female mortality 
birth of Still-born 1 0.0130 D^ 0.0041 
litter 0-1 days 1 G 0.1123 D 0.0271 
2-5 days 1 C 0.0036 D 0.0204 
6-20 days 1 C 0.4128** D 0.1499 
Hale mortality; 
Still-born • 1 0.0977 pC 0.1153 
0-1 days 1 E 0.3230- P 0.0907 
2-5 days 1 0.0002 P 0.0286 
6-20 days 1 E 0.0195 P 0.2599* 
^Residual mean squares as quoted for year of birth of litter effect, 
^Degrees of freedom for residual H.S. for Duroc = 1^73 (female mortality), 
1466 (male mortality); for Hampshire = 1521 (fe:nale mortality), 1529 (male mortality). 
Table 7 (Continued) 
Environmental 
ef f ect' 
Trai Degrees 
of 
freedom 
jjuroc 
He 3 làua.1 Environ. 
mean mean 
soiuvre square 
Hampshire 
Residual Envircî 
mean mean 
square square 
Parity of dam Female mortality: 
Still-born 10 
0-1 days 10 
2-5 days 10 
6-20 days 10 
b 0.3400**4 
0.0889 
0.3718**4 
0.1630** 
D 
D 
D 
0.5691** 
0.2361** 
0.1642* 
0.0496 
Male mortality: 
Still-born 10 
0-1 days 10 
2-5 days 10 
6-20 days 10 
TP. 
0.3217*** 
0.0577 
0.5329*** 
0.2412*** 
pC 
P 
F • 
F 
0.8299*** 
0.1183 
0.1505* 
0.0273 o 
Regression 
trait on 
litter siz( 
of Female mortality 
Still-born 
; 0-1 days 
2-5 days 
6-20 days 
1 
1 
1 
1 
C 
C 
c 
c 
0.1529 
1.5623*** 
5.4o6o*** 
2.2343*** 
D 
D 
D 
D 
1.4916*** 
0.6269*** 
1.5694*** 
1.0610*** 
Male mortality: 
Still-born 1 
0-1 days 1 
2-5 days 1 
6-20 days 1 
II 
•p 
0.1031 
1.0997*** 
5.9751*** 
1.6459*** 
F 
Tn 
F 
? 
0.0050 
0.5606*** 
2.7216*** 
1.6564*** 
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sex ratio, in sheep, man, rats, or pigs, Parkes (1923b) later 
confirmed his previous findings for pigs. 
The regression of total litter mortality and mortality 
within each sex on litter size generally showed an increase 
in mortality of about one percent for each unit increase in 
litter size. This effect was highly significant (P < 0.01) 
for the mortality of both breeds in all periods of observa:-
tion, except for the proportion of Duroc litters, both male 
and female, appearing as still-births and the proportion of 
Hampshire males appearing as still-births. These results, 
which differ from those of Todd (1964), agree with those of 
Lynch (19^5), and Urban (19&3). Todd (1964) showed that the 
correlation between the percent still-births per litter and 
litter size was 0.68, while Lynch (I965) found that the number 
of live pigs at birth was significantly correlated vri.th litter 
size at three weeks of age (0.62). Presumably the effect of 
litter size on mortality of the litter is the summation of 
crowding and competition in large litters, lower birth weight 
of pigs in these litters and the inability of a sow to produce 
sufficient milk for a large number of pigs. 
C. Effects of Irradiation Treatment on the 
Mean Values of the Traits Studied 
The experiment was designed such that the comparision of 
treatments would be measured in double first cousin families. 
As expected, deaths or unsuccessful matings or both produced 
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many families where treatments could not be compared in double 
first cousin families. Table 8 shows the number and percent­
age of each type of family in the present data. 
Table 8. Classification of litters according to litter 
relationship 
Tyae of litter Number of litters Peroentase 
Double first cousin 1474 48.28 
First cousin 272 8.91 
Unpaired 130? 42.81 
Total 3053 
The number of litters which were from double first cous­
in families vras less than $0 percent of the total number of 
litters. The variance of these litters was approximately the 
same as that of the whole data. About 850 litters per breed 
were needed to show significant treatment differences of the 
order obtained in the whole data; since this was in excess of 
the number of double first cousin litters available, these 
families were pooled with the whole data. 
The least squares estimates of the main effects of sire 
irradiation, and maternal grandsire irradiation, and the inter­
action of sire and maternal grandsire irradiation for each 
trait in the two breeds are given in Table 9, together with 
the standard errors. The estimates quoted are those for zero 
irradiation and the change in the mean duo to irradiation 
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treatment is equal to twice the quoted estimate (with appro­
priate sign). 
The effects of X-ray treatment were generally small and 
variable between breeds. The interaction of sire and maternal 
grandsire Irradiation was unimportant for most of the traits 
in both breeds. There was, however, a decrease in the total 
mortality of Hampshire pigs between 6-20 days of age, which 
was mainly attributable to a significant decrease in the pro­
portion of male pigs dying in this period. There were no sig­
nificant effects of the interaction in the same traits of the 
Duroc litters. Maternal grandsire irradiation produced no 
significant effects in Duroc pigs, however, gave a significant 
decrease in the proportion of still-births occurring in the 
Hampshire litters. This decrease was similar for both male 
and female young pigs. There was a significant increase in 
the number of Hampshire female pigs dying between 2-5 days of 
age, attributable to maternal grandsire irradiation. 
Litters with irradiated grandsires may be expected to 
have on the average one-quarter of their genes from the irra­
diated grandsires. There were several stages of sampling pos­
sible from irradiation of the grandsire to expression of the 
phenotype of the litter (Park, 1964); however, the observed 
changes in the mean of the traits due to treatment must be 
ascribed to radiation induced changes in the genetic material 
of either the litters or their dams or both. 
Table 9, Least so\:.ares estimates of the effects of sire irradiation, maternal 
grand sire irradiation and sire x maternal grandsire interaction 
Total mortality dead at: 
Breed Attribute Reg. Litter Sex Still 0-1 2-5 6-20 
fetuses size ratio born days days days 
Duroc Sire Irrad.* O.OOQ -0.212** -0.004 -0.002 -0.004 -0.004 -0.012' 
Mat grand-
sire Irrad.G _o,o27 0.092 -0.008 0.002 -0.004 0.007 O.OOf o 
Sire X mat. 
grandsire 0.022 0.018 -0.00] -0.00] -0.005 0.005 -0.001 
Standard 
errorb ±0.026 ±0.073 ±0.004 ±0.006 ±0.006 ±0.006 ±0.005 
Hampshire Sire Irrad.a 0.003 0.064 -0.001 0.005 0.004 0.002 -0.009 
Hat. grand-
sire Irrad.a 0.OO8 -0.040 0.002 0.018** -0.007 -O.OO8 -0.008 
Sire X mat. 
Srandslre 0.011 0.010 O.OO8 -0.005 -O.OO9 -O.OO3 O.OI6** 
Standard 
errorb ±0.020 ±0.077 ±0.004 ±0.006 ±0.006 ±0.007 ±0.005 
^Estimate quoted for irradiation ^ 0; difference between control (Or) and ir­
radiated (300r) - 2 (estimate). 
^The standarc error is the same for each estimate. 
*P < 0.05. 
""P < 0.01. 
Ta ble 9 ( C ontinued. ) 
Du.roc Female mortality dead at 
Attribute Still  0-1 2-5 
born clays <5 ay s 
Sire Irrad.G 0.005 0.000 -0.001 
Mat. grand-
slre irrad.^ 0 .006  -0.006 0.00? 
Sire >: mat. 
grandsire -0.008 -0.003 0.002 
Standard 
error" ±0.00? ±0.006 ±0.00? 
Male mortality dead at; 
6-20 
days 
Still 
born 
2-5  6 -20  
lays days days 
0-1 
d A \  
-0 .009 -0 .010 -0 .003 -0 .003 -0 .012 
0 . 0 1 2  - 0 . 0 0 3  - 0 . 0 0 3  0 . 0 0 8  , 0 . 0 0 1  
.0.005 -0.002 -0^004 0.006 0.003 
±0.006 60.007 ±0.007 ±0.007 ±0.007 Va 
Table 9 (Continued) 
Hampshire Female mortality dead at: Male mortality dead at: 
Attribute Still 
born 
0-1 
days 
2 - 5  
days 
6-20 
days 
Still  
born 
0-1 
days 
2 - 5  
days 
6-20 
days 
Sire irrad. 0 . 0 0 5  0.008 -0.002 -0.010 0 . 0 0 3  -0.002 0.000 -0.007 
Mat. grand, 
sire irrad. 0 . 0 2 3 *  *  - 0 . 0 0 6  - 0 . 0 1 6 *  -0.011 0 . 0 1 6 *  - 0 . 0 0 4  -0.001 -0.003 
Sire X mat, 
grandsire - 0 . 0 0 7  -0.012 -0.008 0.010 -0.001 - 0 . 0 0 9  -0.001 0 . 0 1 5 *  
Standard 
error^ i O . 0 0 7  ± 0 . 0 0 7  60.008 ± 0 . 0 0 6  ±0.007 ± 0 . 0 0 7  ± 0 . 0 0 7  ± 0 . 0 0 6  
5? 
Although the genetic changes induced, by maternal grand-
sire irradiation are expected to be point mutations or small 
chromosomal aberrations (Woolf, 19^7), it is difficult to 
propose a single type change that could explain all the effects 
observed. Partially dominant lethal mutations affecting the 
survival of pigs from 6-20 days could explain the increase in 
death rate during this period of Hampshire pigs from irradi­
ated grandsires. However, the decrease in the number of still­
births of both male and female young pigs from irradiated 
grandsires requires some other explanation. It could be ar­
gued that the proportion of still-births and the proportion 
of pigs dying in any early post-natal period are confounded. 
If the genetic changes were such that the less viable pigs, 
which would normally have died as still-births, were able to 
survive through the birth process, these pigs may still die, 
but at a later stage, for example, during the 2-5 day period. 
Since on the average the dams of the irradiated litters have 
about half of their genetic complement from the irradiated 
grandsires, the observed effect in the litters may be par- • 
tially or wholly attributable to maternal effects. In general, 
inconsistent and very few detectable differences were noted 
in the traits as a result of maternal grandsire irradiation, 
and a categorical explanation of the genetic causes of the 
observed changes appears impossible. 
Sire X-ray treatment significantly increased the average 
•litter size of Duroc sows by about 0.4 pigs (11.0 pigs to 11.4 
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pigs), and slightly increased the mortality of these litters 
in the 6-20 day period. There were no effects of sire ir­
radiation in the Hampshire litters. 
Results reported elsewhere for other species have not 
shovm consistent effects of irradiation on litter size and 
mortality, Sugahara (196^) found significantly larger litter 
size and pre-weaning mortality amongst the offspring-oT male 
mice receiving an acute dose of 600r and mated during the ' 
post-sterile period. Kohn (i960) reported a non-significant 
decrease in liveborn litter size and pre-weaning survival of 
male mice receiving 525^ and mated during the post-sterile 
period. However, Russell (1955) and Russell and Russell (1959) 
showed that in mice a paternal exposure of 300r, with mating 
in the post-sterile period reduced litter size at weaning by 
3.8 percent. In rats, Chapman et al. (1964) failed to ob­
served a significant effect on survival to 69 days after pre­
sumably spermatogonial irradiation. In humans, Kato et aJ.. 
(1966) did not find a significant increase in post-natal mor­
tality of the offspring of parents exposed to atomic irradi­
ation; these authors do, however, cite the results of Tanaka 
and Okhura, which suggest an increase in first-year mortality 
of the children of Japanese X-ray technicians. 
The effect of irradiation on the litter size of Duroc 
pigs is in agreement with the conclusion of Lunig and Sheridan 
(196^) that the major effects of irradiation were to be found 
in the direct offspring of irradiated animals (i.e., from 
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irradiated sires). However, the further conclusion of the 
authors that the effect of such irradiation was to induce 
dominant lethal mutations to decrease litter size was not 
supported by the present data. 
Litter size is a function of a number of different fac­
tors: ovulation rate, fertilization and implantation rate, 
uterine survival at any given time during pregnancy. Each of 
these may be affected by a number of other factors. For ex­
ample, uterine survival may be determined by the nutrition of 
the sow, the genes of the sow and the genes of the individual 
pig. lience, an increase in litter size, as shofrn by litters 
from irradiated Duroc sires, is the end result of all of these 
factors. Mutations caused by irradiation may affect some fac­
tors controlling litter size in a positive direction, and 
other factors in a negative direction, so that in one year 
litter size would increase and in another year decrease, with 
the net result over a number of years being zero. Such an 
explanation is consistent with the data on the Hampshire lit­
ters, which exhibited no effect on litter size. However, sire 
irradiation increased the average litter size of the Duroc pigs 
in almost every year of the observations. Cox (1964b) in ex­
plaining that change in litter size in Duroc pigs in part of 
the present data suggested that since the percentage of first 
services resulting in conception was six percent higher for the 
Duroc males exposed to X-rays than for their unexposed broth­
ers, the effect of increase in litter size may be based on 
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changes in fertilization rather than on embryo mortality due 
to induced mutations. Irradiation may have influenced the 
sperm production or sperm quality of the irradiated Duroo 
sires to increase the rate of fertilization by the sires as 
compared to their non-irradiated brothers. 
The situation is made more difficult in that the radia­
tion effects may be confounded or compensated by other cir­
cumstances. For example, if an embryo or a young pig dies 
because of an induced lethal, another embryo or young pig may 
live which would otherwise have died. The specific cause, of 
the increase in litter size and the slight increase in the 
mortality from 6-20 days of age in Duroc pigs following pat­
ernal X-irradiation appears unresolved in the present data, 
although the relation to sire irradiation seems clear. 
D. Effects of Irradiation on the 
Variation in the Traits 
Although irradiation had little effect on the means of 
the Duroc and Hampshire pigs, except for litter size in Durocs, 
genetic variation may have been induced by such irradiation. 
If the induced variation was usable in selection, paternal ir­
radiation could be a valuable animal breeding tool. 
The frequency distribution of the corrected data of each 
trait for individuals with 0, 25, 50 and 75 percent of their 
genotype arising from irradiated spermatogonia (hereafter 
called irradiated-genotype classes) were examined for normality 
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The combined effect of no X-irradiatlon in either the 
or the generation is represented by the 0 class, the 
combined effect of 300r of irradiation in the generation 
and no irradiation in the by the 25 class, the combined 
effect of no irradiation in the and ^OOr of Irradiation in 
the generation by the 50 class and the combined effect of 
300r irradiation in both the and generations by the 75 
class. Hence, the combination of the 50 75 classes is 
equivalent to the effect of sire irradiation averaged over 
maternal grandsire treatment, the combination of the 25 and • 
?5 classes equivalent to the effect of maternal zrandsire ir­
radiation averaged over sire treatment, and the other combina­
tions of the four classes, equivalent to the interactions of 
the sire and maternal grandsire treatments. 
The frequency distributions for each irradiated-genotype 
class within each breed were plotted; generally no marked dis­
crepancies were noted in the distributions for each trait for 
each irradiated-genotype class; some traits, for example, the 
number of regressing fetuses per litter, had almost identical 
distribution for each irradiated-genotype class. Since plots 
of the frequency distributions merely illustrate the differ­
ences between the various irradiated-genotype classes, which 
were previously recorded in Tables 3 and 8, the graphs of the 
distributions have not been presented. 
The relation of the frequency distributions to the nor-
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mal distribution was estimated by the g-, and gg values for 
each irradiated-genotype group in each breed and these are 
given in Table 10. For the normal distribution the values of 
both statistics are expected to be zero. Any departure from 
symmetry about the mean is measured by and the relative 
flatness or peakness of the distribution is measured by gg. 
The values for all traits, except litter size, were positive 
indicating that the distributions were skewed to the left, with 
an excess of litters with observed traits less than the ave­
rage of the groups. These g-, values were highly significant 
for all traits in each irradiated-genotyps class except for 
sex ratio, which was generally not significant. The g^ values 
for litter size in each irradiated-genotype class in both bre­
eds were negative. However, the majority of the g^ values for 
litter size were either not significant or barely significant, 
suggesting that the distributions for litter size were gen­
erally close to normality. 
The g9 values for all characters except sex ratio were 
positive, indicating a concentration of pigs at or near the 
mean. These values were highly significant for each irradi-
ated-genotype class for all traits, except litter size, which 
was generally not significant. The negative values of g? 
statistic for sex ratio were not significant. 
Table 10. Skew.ness (e]_) and Kurtosis values for each radiation' on level in each 
trait in each breed 
Total mortality dead at : 
Breed Attribute Average Reg, Litter Sex Still 0-1 2-5 6-20 
percent fet. size ratio born days days days 
of 
genotype 
from 
irradiated 
material 
Duroc Skevmess 
<Sl) 
0 
25 
50 
75 
2.41 
2.26 
2.29 
1.88 
-0.52* 
-0.15P 
0.04# 
0.00^ 
1.55 
1.91 
0.82 
0.91 
1.45 
1.00 
1.17 
1.09 
1.21 
0.85 
0.90 
1.18 
1.61 
1.16 
1.37 
1.03 
Kurtosis 
(22) 0 
25 
50 
75 
8.12 
7.62 
6.99 
3.41 
0.27H 
0.65 
0.59r 
0.08^ 
-0.05^ 
-0.44^ 
-0.20^ 
-0.13^ 
4.30 
7.35^ 
0.03^ 
0.92 
2.22 
0.63 
1.31 
1.18 
2.82 
0.41" 
0.55 
2.51 
4.39 
1.53 
3.67 
0.95 
VJT. 
Hampshire Skevmess 
( Si ) 
•Curtosis 
(22) 
0 3.18 -0.34 0.10% 1.10 2.52 1.95 1.37 
25 3.15 -0.54 0.29 1.56 2.29 1.64 1.19 
50 3.71 -0.52 0.07% 1.64 1.60 2.18 1.1^7 
75 4.40 -0.49 0.11% 1.81 2.14 1.78 1.49 
0 14.65 0.l4^^ -0.11% 1. 64 10.05 6.59 2.49 
25 13.14 0.29% 0.02% 4.35 7.94 4.48 0.92 
50 17.53 0.35" -0.25% 3.69 2.89 8.13 2.40 
75 26.36 0.12% 0.07^ 6.9 8.10 4. 41 4.29 
.11 other effect s signif leant at least at 1 "0 level n-,. o' ;i£:ni f leant 
Table 10 (Continued) 
Female mortality dead at: Male mortality dead at; 
Breed Attribute Average Still  0-1 2-5 6-20 Still  0-1 2-5 6-20 
percent born days days • days born days days days 
of 
genotype 
from 
irradiated 
material 
Duroc Skevmess 
(ei) 
Kurtosis 
(Eg) 
Hampshire Skewness 
( S i )  
Kurtosis 
(s?) 
0 1.95 2.45 1.83 2. 56 1.81 2.54 1.47 1.  81 
25 2.0] 1.61 1.75 1.  71 2.07 2.14 1.34 1.  55 
50 1.93 1.64 1.47 1. 76 1.63 1.73 1.59 2. 01 
75 1.77 1.83 1.66 1.  66 1.64 1.35 1.45 1.  56 
0 5.71 7.87 5.28 9. 13 3.66 8.15 2.95 3. 74 
25 5.53 1.76 5.21 2. 99 6.14 6.79 2.96 1.  90 
50 7.4? 2.03 2.82 3. 81 2.86 3.02 3.54 5. 74 
75 7.38 4.09 3.80 2. 32 3.76 0.70 2.83 2. 75 
0 1.92 2.96 2.65 2. 41 1.77 2.77 1.91 1.  71 
25 1.90 2.27 2.00 1.  71 1.86 2.80 1.93 1.  56 
50 1.4? 2.81 2.74 3. 02 2.43 2.35 2.09 2.  23 
75 1.89 2.64 2.08 2. 27 1.90 2.45 2.11 1. 54 
0 8.34 10.75 8.88 7. 49 4.57 9.84 5.77 3. 09 
25 7.96 6.33 5.22 1. 89 4.60 9.25 4.92 1.  39 
50 11.81 10.06 9.49 11. 47 7.67 6.  61 6.17 6. 56 
75 7.93 8.93 5.17 6. 39 5.12 7.75 5.88 2.  72 
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Kins (1963) concluded that leptokurtosis appeared to 
characterize phenotypic distributions of populations having 
well-integrated genetic systems, whereas platykurtosis in­
dicated populations with poorly integrated genetic systems. 
The distributions of the traits both between breeds and be­
tween irradiated-genotype classes within breeds were lepto-
kurtic; thus. Irradiation has- not disrupted the genetic bal­
ance of the irradiated-genotype classes, with the genotypes 
for each trait being able to buffer against induced changes, 
if they occurred. 
The mean and variance for each trait within each irradi­
ated-genotype class are given in Table 11 for both Duroc and 
Hampshire litters. 
For most traits, the variance was similar for each of 
the irradiated-genotype classes. There appears to.be little 
evidence that the irradiation treatment had greatly changed 
the variation of the quantitative characters studied. Other "" 
authors have noted similar results. Newcombe and McGregor 
(1964) found that the variance was slightly less for irradi­
ated groups of rats measured for learning ability and physical 
well-being. Cox (I968) concluded that irradiation had little 
or no effect on the variance of birth weight, body weight at 
15^ days and body composition of Duroc and Hampshire pigs. 
This is in contrast to the change in variance reported by Park 
(1964) for pre-weaning and post-weaning gains in pigs'from the 
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same source of data as the present study. 
Although the mean of some of the traits studied was 
changed by irradiation treatment, no evidence for a change in 
variance induced by such radiation was found. Roderick (1964-) 
has postulated several explanations for a similar effect in 
the data of Newcombe and McGregor (1964). He suggested that 
(a) the genes primarily responsible for the existing vari­
ability of the trait have intermediate gene frequencies, so 
that the variability which contributed to the change in the 
mean might be due to mutations of genes which were otherwise 
either fixed or held at a high frequency, causing a direction­
al effect of radiation, with a change in.nean but little ef­
fect on the variance; (b) after each mutation, one could ex­
pect segregation, so that the change in the mean could be due 
to the effect of a great many mutations, all with small ef­
fects, thus changing the variance very little, rather than a 
few mutations with large effects, changing the variance con­
siderably; (c) if the effect of radiation was drastic, the 
effect of a change in the asan would be expected immediately, 
while the change in variance not until later generations; (d) 
in threshold traits, one could get a change in the phenctypic 
frequency by (1) a change In the mean, (2) a change in the 
position of the threshold, or (3) a change in the variance; 
(e) although a change in the aean without a change in the vari 
ance is not a common situation, the estimation of variance 
differences are usually difficult without enormous amounts of 
Table 11. Means and variances for each trait in each irradiation-genotype class 
Total Mortality 
Dead at: 
Breed Attribute Irradiation No. of Litter Sex Still 0-1 2-5 6-20 
genotype Regressing Size Ratio Born Days Days Bays 
class fetuses 
Duroc Mean 0 0.612 
0.610 
50 0.522 
75 0.644 
Variance 0 1.053 
25 0.943 
j# 0.774 
75 1.077 
Hampshire Mean 0 0.320 
25 0.296 
j# 0.309 
75 O.318 
Variance 0 O.5II 
25 0.457 
0.625 
75 0.766 
11.128 0.  489 0.  256 -0.  008 0.  082 0.  061 
10.953 0.  514 0.  251 0.  007 0.  056 0.  049 
11.509 0.  503 0,  264 0.  009 0.  076 0.  087 
11.337 0.  510 0.  256 0.  008 0.  074 0.  070 
8.952 0.  028 0.  052 0.  044 0.  056 0.  043 
7.065 0.  023 0,  054 0.  046 0.  048 0.040 
7.607 0.  027 0.  046 0.  043 0.  051 0.  049 
5.679 0.  026 0.  047 0.  047 0.  057 0.  045 
10,713 0.  5^7 0.  244 0.  027 0.  036 0.  036 
10.739 0.  536 0.  216 0.  060 0.  067 0.  022 
10.523 0.  538 0.  244 0,  038 0.  049 0.  023 
10.657 0.  553 0.  194 0.  034 0.  052 0.  071 
5.784 0.  028 0.  055 0.  054 0.  054 0.  046 
7.124 0.  026 0.  054 0.  066 0.  067 0.  042 
7.219 0.  027 0.  067 0.  048 0.  065 0.  043 
6.891 0.  027 0.  050 0.  052 0.  072 0.  055 
Table 11 (Conlinued) 
O A 
Attribute Irradiation- Female mortality Male mortality 
genotync dead at; dead at: 
class Still  0-1 2-5 6-20 Still  0-1 2-5 6 
born days days days born days days days 
Duaoc 
Mean 0 0.293 -0.019 0.052 0.033 0.215 0.026 0.061 0.096 
25 0.222 -0.001 0.031 0.019 0.223 0.039 0.032 0.077 
50 0.286 -0.012 0.048 0.062 0.236 0.039 0.053 0.104 
75 0.218 -0.006 0.040 0.027 0.247 0.039 0.050 0.106 
Variance 0 0.066 0.066 0.052 0.077 0.057 0.071 0.081 0.05? 
25 0.068 0.060 0.080 0.047 0.065 0.064 0.033 0.055 
50 0.046 0.048 0.073 0.063 0.063 0.066 0.078 0.070 
75 0.045 0.060 0.077 0.053 0.076 0.057 0.090 0.068 
Xi ^ ^ ^ -i- J J. 4. 
i'isan 0 0.260 0.027 0.062 0.010 0.301 0.048 0.023 0.021 
25 0.284 0.064 0.120 0.014 0.267 0.075 0.027 -0.003 
50 0.583 0.035 0.090 0.012 , 0.299 0.072 0.025 0.004 
75 0.260 0.022 0.102 0.055 ' 0.256 0.061 0.027 0.038 
Variance 0 0.051 0.068 0.069 0.053 0.075 0.065 0.065 0.066 
25 0.0?2 0.080 0.089 0.048 0.063 0.092 0.021 0.053 
50 0.063 0.069 0.087 0.063 0.089 0.076 0.075 0.062 
75 0.043 0.057 0.088 0.084 0.058 0.071 0.086 0.069 
82 
data. 
In the present study, each of the above possibilities 
seems tenable. The data confirm the observation of Newcombe 
and McGregor (1964) of X-irradiation affecting the mean of 
traits without changing the variance. 
Besides the effect of irradiation on the total variance 
of each trait, the components of variance of the sire treat­
ment, maternal grandsire treatment and the interaction of ma­
ternal grandsire treatment and sire treatment were estimated. 
The components and their percentage contribution to the total 
variance are given in Tables 12 and I3, respectively. All 
negative components of variance are quoted as zero in Table 12 
and were used as zero in calculation of the percentage contri­
butions to the total variance as shown in Table 13. 
The treatment components (a|, Og, were either neg­
ative, zero or small for each character and each contributed 
less than one percent to the total variance of each trait, ex­
cept for those traits showing a significant mean difference. 
Here the contribution was of the order of one to two percent 
of the total variance. For all traits in both breeds, the er­
ror component of variance contributed at least 98 percent of 
the total variance, indicating that the effect of irradiation 
treatments was minor. 
The total phenotypic variance of each trait did not ap­
pear to have been affected by irradiation,. and the treatment 
components of variance of each trait were a small percentage 
Table 12, 
Traits 
Components of variance of each trait for sire treatment, maternal grand-
sire treatment and interaction of sire and maternal grandsire treatments 
Duroc 
n 0-1 
Hampshire 
*3 ^AB 
Reg. Fetuses 0.  0 0.  0 0.  0 1 .  0120 0.  0 0.  0 '  0.  0 0.6347 
Litter Size 0.  0792 0.  0063 0.  0 7. 7984 0.  0 0.  0 0 .  0 6.8194 
Sex Ratio 0.  0 0.  0001 0.  0 0,  0278 0.  0 0.  0 0 .  0002 0.0280 
Total Mort. 
S.  Born 0.  0 0.  0 0.  0 0 .  0533 0.  0 0.  0
 
0
 
0
 
o
\ 0.  0 0.0583 
0-1 days 0.  0 0.  0 0.  0 0.  0449 0.  0 0.  0 0.  0002 0.0543 
2~5 days 0.  0 0.  0 0.  0 0.  0559 0.  0 0.  0 0.  0 0.0683 
6-20 days 0.  0002 0.  0001 0.  0 0.  0440 0.  0001 0.  0001 0.  0009 0.0460 
Fem. Mort. 
S. Born 0.  0 0.  0 0.  0001 0,  0637 0.  0 0.  0010 0.  0 0.0769 
0-1 days 0.  0 0 .  0 0.  0 0.  0546 0.  0 0.  0 0.  0 
0
 
0
 0.0682 
2-5 days 0.  0 0.  0 .  0 .  0 0 .  0792 0.  0 0,  0004 0. 0 0.0874 
6-20 days 0.  0001 0.  0002 0. 0 0.  0551 0.  0001 0.  0002 0. 0003 0.0612 
Male Mort. 
S. Born 0. 0001 0.  0 0.  0 0.  0667 0.  0 0.  
0
 
0
 
0
 0 .  0 0.0758 
0-1 days 0.  0 0. 0 0.  0 0.  0649 0.  0 0 .  0 0.  0001 0.0749 
2-5 days 0. 0 0.  0 0.  0 0.  0776 0.  0 0.  0 0.  0 0.0789 
6-20 days 0. 0002 0. 0 0,  0 0. 0629 0.  0 0. 0 0.  0007 0.0621 
Sire treatment component. 
Og= Maternal grandsire treatment component, 
Sire % maternal grandsire component. 
ap= Error component, 
Table I3, Percentage contribution of variance components of Table 12 to total 
variance. 
Traits 
Duroc 
oi ol 
Hampshire 
OB cfAB a|  
Reg. Fetuses 0 0 0 100.0 0 0 0 100.0 
Litter Size 1.00 0.08 0 98.92 0 0 0 100.0 
Sex Ratio 0 0.30 0 99.70 0 0 1.01 98.99 
Total Mort. 
S. Born 0 0 0 100.0 0 1.02 0 98.98 
0-1 days 0 0 0 100.0 0 0 0.34 99. 66 
2-5 days 0 0 0 100.0 0 0 0 100.0 
6-20 days 0.45 0.23 0 99.32 0.20 0.20 1.91 97.69 
Pern. Mort. 
S. Born 0 0 0.16 99.84 0 1.28 0 98.72 
0-1 days 0 0 0 100.0 0 0 0.58 99.42 
2-5 days 0 0 0 100.0 0 0.46 0 99.54 
6-20 days 0.18 0.36 0 99.46 0.16 0.32 0.48 99.04 
Male Mort. 
S. Born 0.15 0 0 99.85 0 0.52 0 99.48 
0-1 days 0 0 0 100.0 0 0 0.13 99.87 
2-5 days 0 0 0 100.0 0 0 0 100.0 
6-20 days 0.32 0 0 99.68 0 0 1.11 98.89 
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of the total variation. However, further estimation of the 
variations that might be caused by irradiation was made using 
a hierarchal analysis of variance for sires and dams within 
sires with a separate analysis for each breed-treatment group, 
ignoring maternal grandsire treatment. This analysis con­
sidered the progeny of the sires as young growing pigs. 
The paternal components of variance within each sire 
treatment (Or or JOOr of irradiation) and within each breed, 
are given in Table l4, together with the estimate of the pa­
ternal component (a|) pooled over treatments and breeds. Al­
most one-third of the total number of estimates of the paternal 
components of variance are negative, and although these are ^ 
quoted as originally calculated, the négative values were 
equated to zero for the percentage contribution to the total 
variance. The paternal component was between 0 and 7 percent 
of the total variance and on the average was about I.3 percent 
of the total variance! The paternal component^was 
greatest for mortality during the 6-20 day period. It may be 
expected that prior to this period, pigs were under a strong 
maternal influence, with the paternal component contributing a 
minor proportion of the total variance; the percentage con­
tribution of the paternal component to the total variance pro­
bably increases as the pigs become older. Other studies on 
traits Influenced by maternal effects and maternal environment 
have generally shown that the paternal component of variance 
has been small and of the order of one percent (Cox, 1964a; 
86 
Stanislaw et al., 196?; Louca and Robinson, 196?). No con­
sistent difference in the paternal component between the con­
trol and the treated groups was noted. The traits which showed 
significant mean differences (litter size, total mortality 6-
20 days in Duroc; still-born mortality, both total and male 
and female mortality 2-5 days in Hampshire) showed a similar 
percentage contribution by the paternal component to the 
total variance. 
Park (19640 noted that the sire component of variance of 
post-weaning gains was greater for offspring by irradiated 
sires than those by control sires, but there was no difference 
in the component for pre-weaning gains. In other studies of 
data from the same source and using such traits as birth 
weight, body weight at 154 days and backfat probe, there was 
no indication of a difference in the contribution to the total 
variance of sires from either control groups or irradiated, 
groups. Sampling errors of these components were large. The 
data were insufficient to show a difference between the com­
ponents of variance in the control and the irradiated groups. 
A hierarchal analysis was made within each breed-treat­
ment group for sires, dams within sires, daughters within dams 
and records within daughters. The percentage contributions 
within treatment groups of the sire component (oq), dam com­
ponent (o%p, daughter component (og) and the error component 
of variance to the total variance are given in Tables 15 and 
16 for Duroc and Hampshire pigs, respectively. This analysis 
Table 14. paternal components of variance within treatments and breeds.for each 
trait 
Duroc Hampshire Pooled over 
Trait Paternal component (of) Paternal component (af) breeds and 
treatments 
Or 300r Or 300r (ogp 
R. Pet 0 .0253(2.48)8 0 .0210(3.09) 0 .0052(0. 89) -0.  0018(0.0)t 0.  0159(1.85) 
Litter size 0 .0701(0.82) 0 .0523(0.75) -0 0
 
l\)
 
0
 
CO
 
0
 
0 )  0 .  2080(2.91) 0.  0810(1.09) 
Sex ratio 0 .0021(8.30) -0 .0007(0.0) -0 0 
0
 
0
 
0
 
0
 0 )  0 .  0002(0.57) 0.  0004(1.31) 
Total dead 
3. Born 0 .0013(2.35) 0 .0009(1.87) -0 .0012(0. 0) 0.  0025(4.04) 0.  0009(1.53) 
0-1 days -0 .0005(0.0) -0 .0021(0.0)  0 .0003(0. 51) -0.  0017(0.0) -0.  0010(0.0) 
2-5 days 0 .0007(1.37) -0 .0014(0.0) -0 .0001(0.  0) 0.  0004(0.61) -0.  0001(0.0)  
6-20 days 0 .0017(4.01) 0 .0026(5.57) 0 .0011(2. 57) 0.  0010(3.95) 0.  0018(3.97) 
Female dead 
S. Born 0 .0007(1.01) -0 .0012(0.0) 0 .0004(0. 46) 0. 0015(1.92) 0.  0003(0.41) 
0-1 days -0 .0026(0.0) -0 .0027(0.0) 0 .0008(1. 10) -0.  0017(0.0) •  -0 .  0016(0.0) 
2-5 days 0 .0023(2.93) 0 .0003(0.43) 0 .0013(1.  50) -0.  0003(0.0) 0.  0009(1.05) 
6-20 days 0 .0036(6.93) 0 .0010(1.73) 0 .0021(4. 08) -0.  0001(0.0)  0 .  0016(2.74) 
Hale dead 
3. Born 0 .0025(3.92) -0 .0002(0.0) -0 .0003(0. 0) 0.  0016(1.99) 0. 0009(1.21) 
0-1 days 0 .0007(1.01) -0 .0020(0.0) -0 .0002(0. 0) -0. 0012(0.0) -0. 0007(0.0) 
2-5 days 0 .0020(2.74) -0 .0008(0.0) 0 .0000(0. 0) -0. 0008(0.0) 0. 0001(0.13) 
6-20 days 0 .0029(5.11) 0 .0041(5.93) 0 .0014(2. 37) 0.  0030(4.61) 0.  0028(4.32) 
^Sire component as percentage of total variance. 
^negative components quoted as zero percent. 
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considers the sire progeny as reproducing females. The sire 
component contribution varied between 0 and 12 percent of the 
total variance for the Duroc litters, and between 0 and 9 per 
cent for the Hampshire litters, with an average contribution 
of 2.4 percent and 1,9 percent for the Duroc and Hampshire 
litters, respectively. These were similar to the sire com­
ponents quoted by Wilson et aJ, (I962) for the number of pigs 
farrowed per litter in swine. The contribution of the irrad­
iated sires (JOOr) was not significantly different from that 
of the sires of the control group (Or), supporting the evi­
dence of the analysis presented in Table I3 of no change in 
the sire component of variance after paternal spermatogonial 
irradiation. 
The dam component was generally variable both between 
traits and between breeds for the same trait. The component 
contributed between 0 and 15 percent and 0 and 28 percent of 
the total variance for the Duroc and Hampshire litters, res­
pectively, with an average of four percent (Duroc) and three 
percent (Hampshire). The dam components were small, and very 
much less than the 1? to 39 percent quoted by Park (1964) for 
pre-weaning and post-weaning gains in pigs and the JO to 40 
percent for birth weight in swine reported by Louca and Robin 
son (1967). The sire component provides an estimate of one-
fourth of the additive genetic variance plus part of the epis 
tatic variance, and the dam component one-fourth of the addi­
tive genetic variance, one-fourth of the dominance variance. 
Table 15. Components of variance®' as a percentage of the total variance within 
treatment for Duroc pigs 
Trait *8 
Or 
CM CD CG 
300r 
0§[ CD 
Regressing 
84.34 Fetuses 11.68 4.05 0.0 3.79 0.0 0,0 96.21 
Litter Size 5.73 0.0 27.24 67,04 7.08 8.03 10.13 74.77 
Sex Ratio 0.0 0.0 0.0 100.0 0.0 0.0 11.86 88.14 
Total Mort: 
Still-born 5.34 7.89 2.61 84.16 0.0 0.0 26.89 73.11 
0-1 days 1.80 0.0 10.67 87.53 0.0 0.0 13.00 87.00 
2-5 days 0.03 0.0 25.09 74.88 0.0 5.27 10.38 84.35 
6-20 days 0.0 15.18 0.0 84.82 0.0 0.0 24.07 75.93 
Female Mort ; 
Still-born 3.20 0.0 13.04 83.77 0.0 0.0 20.21 79.79 
0-1 days- 0.0 5.60 2. 66 91.74 0.0 0.0 15.46 84. 54 
2-5 days 0.0 0.0 24.14 75.86 3.11 0.0 • 9.77 87.13 
6-20 days 0.0 14.84 0.0 85.16 0.0 0.0 29.07 70.93 
Male I'lort : 
Still-born 2.90 0.0 11.21 85.89 1.65 0.0 13.26 85.09 
0-1 days 3.96 0.0 2.03 . 94.01 2.76 0.0 2.26 94.97 
2-5 days 0.0 0.0 25.94 74.06 1.20 3.86 1.56 93.38 
6-20 days 0.0 7.90 0.0 92.10 0.0 8.00 5.92 86.08 
^Negative,components quoted as zero percent. 
Table l6. Components of variance®' as a percentage of the total variance within 
treatments for.Hampshire pigs 
Trait 
Or 
< _s  
300r 
Regressing 
oa  65  Fetuses 0. 28 .  11 0. 0 71. 89  2 .  35 0. 0 0, 0 97. 
Litter Size 0. 0 0. 03 22 .  42  77. 55 1 .  98  13. 17 0. 90  83. 95  
Sex Ratio 0. 0 4 .  51 3. 96  91 .  54  0. 0 0. ,0 3. 17 96 .  83 
Total Mort : 
Still-born 4. ,11 6. 62  6. 08  83. 18  0, ,0 4. 19 18 .  67 77. 15 
0-1 days 2. ,81 0. 0 0. 0 97. 19 0. ,0 0, ,0 38 .  ,43 61. 57 
2-5 days 6. ,83 2, 65 12. 78 77. 74  6, , 42  0. , 0  16. ,09 77. 50  
6-20 days 0. ,0 4. . 20  3. 22  92 .  58 0, ,0 0, ,0 11. , 35  88 .  65  
Female Mort : 
Still-born 0. 0 3. 77 4. 36 91. 87 0. ,0 8, .10 0, .0 91. 90 
0-1 days 2. 19 0, ,0 0. 0 97. 81  0. 0 0. 0 35 .  ,  46  64 .  54 
2-5 days 7. 08 0. 02 15. 26  77. 64 4. . 89  0, .0 15. 51 79 .  60 
6-20 days 0. ,0 3. , 68  0. 0 96 .  32 0. ,0 0. 67 12. . 68  86 .  65  
Male Mort ; 
Still-born .03 ip. 0. 0 91. 53 0. 0 0, .0 19. 03 80 .  97  
0-1 days 1, .60 1. . 60  0. 0 96 .  81 0, .0 0, .0 25. . 96  74 .  04  
2-5 days 8, . 57  0. 0 7. 43 84 .  00 4, . 89  0, .0 0. 0 95 .  11 
6-20 days 0, .0 4. . 12  1. 42  94 .  47 0, .0 0. 0 ' 3. 10 96. 90  
^'Negative components quoted as zero percent. 
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part of the epistatic variance and all of the variance due to 
the maternal environment. The small dam component, hence, 
suggests that the non-additive components of variance of the 
traits studied were generally small. 
The effect of spermatogonia! irradiation on the dam com­
ponent was variable, both between traits and between breeds 
for the same trait. On the average, the dam component con­
tributed 3.6 percent to the total variance of the control 
group of Duroc pigs (4.3 percent for the Hampshires), but only 
1.? percent to the total variance of the irradiated group (1.7 
percent for the Hampshires). A reduction in the dam component 
of variance after irradiation has also been reported by Park 
(1964). Irradiation did appear to decrease the percentage 
contribution of the dam component of variance for the number 
of regressing fetuses in both Duroc and Hampshire pigs; how­
ever, the dam component for litter size in both breeds was in­
creased. Since many negative components of variance were 
found, it is difficult to determine the real effect of irra­
diation on the dam component of variance, particularly since 
the precision of the estimates is not high, 
E. Estimates of Phenotypic and Genetic Parameters 
of the Traits Studied 
Heritability and repeatability of each of the traits were 
calculated from the variance components of the hierarchal an­
alyses. The estimates of repeatability for both Duroc and 
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Hampshire pigs are shown in Table 17. 
The estimate of repeatability Is the intra-class correla-
Oq + a'fi + 
tion . The repeatability estimates for 
crj + a®j + a| + a| 
all traits in both breeds were low, being generally about 0.10 
to 0.19. The values of 0.19 to 0.29 for litter size agree 
with those reported in the literature (Lush and Molln, 19^2; 
Shelby, 1952; Urban, I963). The repeatability for the number 
in a litter at one day of life agrees with the estimate of 
0.14 which was reported by Urban (I963). The variation in lit­
ter size and litter mortality is apparently caused by tempo­
rary circumstances which change from litter to litter for the 
same sow and are different among the various litters produced 
by any given season. 
The heritability of -each of the traits estimated from 
both the sire and dam components of variance pooled over ir­
radiation treatments are presented in Table 18, together with 
their approximate standard errors, computed using the method 
of Dickerson (1959). The sire component of variance has the 
expectation of one-fourth the additive genetic variance, one-
sixteenth the additive x additive variance, etc.; the dam com­
ponent of variance has the expectation of one-fourth the addi­
tive genetic variance, one-fourth the dominance variance, one-
sixteenth the additive x additive variance, one-sixteenth the 
dominance x dominance variance, etc., plus variance due to 
maternal effects. Thus, the ratio of either component to the 
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Table 17. Estimates of repeatability (r) of dam records for 
each of the traits in both Duroc and Hampshire 
pigs 
Trait Duroc Hampshire 
Regressing 
Fetuses 0.026 0.062 
Litter Size 0.292 0.185 
Sex Ratio 0.012 0.040 
Total Mortality: 
Still-born O.O98 O.I85 
0-1 days 0.088 O.067 
2-5  days  O.I98 0 .195  
6-20 days 0.l40 0.084 
Female Mortality; 
Still-born 0.115 0.067 
0-1 days O.O83 0.062 
2-5 days 0.122 O.I83 
6-20 days 0.132 0.079 
i'îale Mortality: 
Still-born 0.080 0.110 
0-1 days 0.051 0.099 
2-5 days 0.152 0.085 
6-20 days 0.022. 0.034 
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total variance is quadrupled to give an estimate of .the her-
itability. The heritabilities were low and inconsistent be­
tween traits and between breeds for the same trait.. There 
were many negative estimates of heritability, and these have 
been quoted as zero. The heritability of litter size was be­
tween 0.10 and 0.27 for the Duroc pigs, and between 0.02 and 
0.25 for the Hampshire pigs. This agrees with most of. the 
previous estimates as reviewed by Lush and Molln (19^2) and 
the later estimates as given by Cummings et aJ.. (194-7) and 
Louca and Robinson (I967). Although the heritability of lit­
ter size in Duroc pigs as estimated from the sire component 
was much larger than that computed from the dam component, the 
opposite situation was evident in the Hampshire pigs. However, 
the estimates were not significantly different either between 
breeds for the same component or within breeds for both com­
ponents. The heritabilities for most of the other traits were 
not significantly different from zero, with little difference 
between the estimates from the sire and dam components. Thus, 
the contribution of non-additive genetic variance to the total 
variance of the traits studied was small. 
A further estimate of heritability was made utilizing the 
phenotypic regression of daughter on dam within equivalent 
parity periods of both daughter and dam. This regression has 
the expectation of one-half the additive genetic variance, one-
quarter the additive x additive variance, one-sixteenth the 
additive x additive x additive variance, etc. Thus, the 
? Table IB. Estimates of heritability (h ) of each of the traits in Duroc and 
Hampshire pigs, calculated from sire and dam components of variance 
Duros ^ Hampshire 
Traits h^ = 4aG h^ = 4aM h^ = 4oG h^ = 4a% • 
aê+aM+aS+§ aM-i-aê+aâ+ae aG+aM+ad+ae oIl+aG+a^+ce 
Regressing 
0 .63(0 .05)  Fetuses o o 05)*  0.03(0. 01) o o 
Litter Size 0 .27(0 .  11) 0.01(0. 23)  0.02(0 .10) 0 .25(0 .16)  
Sex Ratio o
 
o
 o*
 
0.0 
o
 
o
 0.04(0.10) 
Total Mort : 
Still-born 
o
 
I—
1 o
 09)  0.0 0 .27(0  .10) 0.22(0.15) 
0-1 days 0.0 0.0 0.0 0.0 
2-5 days 0.03(0. 22)  0 .03(0 .  21) . 0.29(0 o H 0.0 
6-20 days 0.0 0 .32(0 .  02)  0.0 0 .07(0 .13)  
Female Mort : 
Still-born 0 .0  0 .0  0.0 0 .26(0 .13)  
0-1 days 0 .0  0 .06(0 .  12) 0 .0  0 .0  
2-5 days 0.0 0 .0  0 .24(0  .10) 0 .0  
6-20 days 0.0 0 .12(0 .  02)  0.0 0 .13(0 .12)  
Male Mort: 
Still-born 0 .09(0 .  08)  0.0 0.00(0 . 08 )^  0.13(0.13) 
0-1 days 0.13(0. 07) 0.0 0.0 0.0 
2-5 days 0.0 0 .02(0 .  16) 0 .27(0  .09)  0.0 
6-20 days 0 .0  0 .40(0 .  14)  0.0 0 .09(0 .11)  
•^•Standard error of estimate. 
^Negative estimates quoted as 0.0. 
96 
Table 19. iïeritabllity estimates of each trait estimated 
from daughter-dam regression within, and pooled 
over, parities . 
Duroc 
Parity of dam and daughter 
Trait 1 and 1 1 and 2 2 and 1 2 and 2 Pooled Over 
Parities 
Reg. Fet. 0 .0*  0.0 0 .03  0.0 0.0 
(0.11)° (0.20) (0.15) (0 .34)  (0 .16)  
Litter Size 0 .38  o .o6  0 .35  0 .46  0 .31  
(0.14) (0 .15)  (0.16) (0.22) (0.08) 
Sex Ratio 0.05 0.0 0.16 0.16 0 .05  
(0 .14)  (0.16) (0 .17)  (0 .23)  (0 .08)  
Total Mort; 
Still-born 0.0 0 .47  0.0 0 .34  0.0 
(0.13) (0 .23)  (0 .14)  (0.21) (0.08) 
0-1 days 0.12 0 .06  0 .03  0.0 o .o6  
(0.16) (0 .23)  (0.16) (0 .20)  (0 .09)  
2-5 days 0.12 0.0 0 .05  0.0 0.02 
(0.17) (0 .16)  (0.18) (0.18) (0 .09)  
6-20 days 0.0 0.0 0.10 0.0 0.0 
(0 .14)  (0.13) (0.17) (0.17) (0 .07)  
Fern. Mort; 
Still-born 0.0 0 .18  • 0.0 0 .30  0.0 
(0 .14)  (0 .25)  (0 .16)  (0 .23)  (0 .09)  
0-1 days 0 .03  0 .04  0.26 0.0 0 .07  
(0.18) (0 .25)  (0 .17)  (0 .22)  (0.10) 
2-5 days 0.07 0 .09  0.0 0 .01  0 .04  
(0.19) (0.12) (0.21) (0 .19)  (0 .08)  
6-20 days 0.0 0.0 0 .0  0.0 0.0 
(0 ,14)  (0 .12)  (0.12) (0.15) (0 .07)  
Male Mort; 
Still-born 0 .0  0 .47  0.0 0 .30  0.0 
(0 .14)  (0 .23)  (0 .14)  (0 .22)  (0 .09)  
0-1 days 0.01 0.0 0.0 0.0 0.0 
(0 .16)  (0.17) (0 .20)  (0.17) (0 .09)  
2-5 days 0 .20  0.0 0 .27  0 .07  0.12 
(0.13) (0.20) (0.15) (0.16) (0 .08)  
6-20 days 0.0 0.01 0 .02  0.0 0.0 
(0.16) (0.12) (0.18) (0 .16)  (0 .07)  
^Negative estimate quoted as zero. 
^Standard error of estimate. 
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Table 19 (Continued) 
Hampshire 
Parity of dam and daughter 
Trait 1 and 1 1 and 2 2 and 1 2 and 2 Pooled over 
Reg. fet. 0 .0  0 .0  0 .28  0 .0  0 .03  
(0 .13)  (0 .46)  (0 .12)  (0 .14)  (0 .09)  
Litter size 0 .33  0 ,02  0 .0  0 .04  0 .10  
(0 .13)  (0 .15)  (0 .16)  (0 .18)  (0 .08)  
Sex ratio 0 .0  0 .05  0 .0  0 .0  0 .0  • 
( 0 .14)  (0 .16)  (0 .17)  (0 .19)  (0 .08)  
Total mort: 
Still-born 0 .0  0 .07  0 .08  0 .05  0 .02  
(0 .17)  (0 .18)  (0 .20)  (0 .17)  (0 .09)  
0 -1  days 0 .0  0 .0  0 .13  0 .06  0 .02  
(0 .22)  (0 .21)  (0 .13)  (0 .18)  (0 .10)  
2 -5  days 0 .31  0 .0  0 .0  0 .43  0 .14  
(0 .16)  (0 .20)  (0 .20)  (0 .19)  (0 .10)  
6 -20  days 0 .0  0 .0  0 .0  0 .19  0 .0  
(0 .15)  (0 .17)  (0 .18)  (0 .23)  (0 .09)  
Fern, mort: 
Still-born 0 .13  0 .0  0 .20  0 .0  0 .04  
(0 .20)  (0 .21)  (0 .19)  (0 .19)  (0 .10)  
0 -1  days 0 .0  0 .0  0 .17  0 .0  0 .0  
(0 .22)  (0 .22)  (0 .13)  (0 .17)  (0 .10)  
2 -5  days 0 .0  0 .0  0 .0  0 .36  0 .0  
(0 .20)  (0 .17)  (0 .24)  (0 .24)  (0 .10)  
6 -20  days 0 .01  0 .15  0 .0  0 .06  0 .0  
(0 .15)  (0 .19)  (0 .21)  (0 .24)  (0 .10)  
Male mort: 
Still-born 0 .0  0 .10  0 .0  0 .0  0 .0  
(0 .14)  (0 .16)  (0 .20)  (0 .16)  (0 .08)  
0 -1  days 0 .12  0 .08  0 .0  . 0 .16  0 .07  
(0 .20)  (0 .22)  (0 .13)  (0 .19)  (0 .09)  
2 -5  days 0 . l6  0 .0  0 .0  0 .22  0 .08  
(0 .13)  (0 .21)  (0 .17)  (0 .18)  (0 .09)  
6 -20  days 0 .0  0 .0  0 .0  0 .08  0 .0  
(0 .13)  (0 .12)  (0 .16)  (0 .20)  (0 .07)  
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regression is doubled to yield an estimate of all of the ad­
ditive genetic variance plus a fraction of the epistatic var­
iance, which is assumed to be negligible. The record of a dam 
was repeated for each daughter in the analysis, as suggested 
by Kempthorne and Tandon (1953). The heritability for each 
dam and daughter parity group 1 and 1, T and 2, 2 and 1, 2 and 
2, where the former numeral indicates the parity of the dam 
and the latter numeral the parity of the daughter, for each 
breed are presented in Table 19, together with an estimate of 
their standard errors as computed by the method of Falconer 
(i960). Most of the values are not significantly different 
from zero, .The pooled values are reasonably comparable to 
those presented in Table 18 for estimates from the sire and 
dam components of variance. 
The values of heritability for litter size for both Duroc 
and Hampshire pigs varied for the comparison of the four com­
binations of the first and second records of dam and daughter. 
The groups 1 and 1, 2 and 1 and 2 and 2 gave similar estimates 
in the Duroc breed and much higher estimates than that from 
the 1 and 2 group. The Hampshire pigs had a much higher es­
timate from the 1 and 1 group than in the other groups. The 
estimates from the hierarchal analysis of variance were com­
parable with that from the 1 and 2 group In the Duroc breed 
and with all except that from the 1 ^ d 1 group in the Hamp-
shires. The most widely used estimate of heritability quoted 
in the literature is that from the regression of the primip-
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arous record of the daughter on the primiparous record of the 
dam; the estimates of herltablllty from prlmiparous records in 
the present study are much higher than those given by Urban 
(1963), Jensen (1965) and Gabris and Zilla (I966). No expla­
nation for the difference in the estimates using the various 
records of the dam and daughter or for the heritabilities of 
litter size being higher in the present study than those 
quoted elsewhere is apparent, 
Phenotypic correlations of each of the traits for each 
breed were calculated from the records of the dams and these '• 
are presented in Table 20 for Duroc pigs and Table 21 for • 
Hampshire pigs; the standard error for each correlation was 
approximated according to Snedecor (195^. P. 175) and was the 
same (0.37) for each trait. The correlations between the 
traits were generally small and similar between the two breeds 
The correlation of the number of regressing fetuses and most 
of the other traits was not significantly different from zero. 
The phenotypic correlations of litter size with the other 
traits were generally in agreement with other published fig­
ures. Omtvedt et al.. (19^5) reported that the correlation 
between litter size and the proportion of males in the litter 
was -0.04, which was not significantly different from zero. 
The value of about 0.056 for the correlation of litter size 
and sex ratio in the present data was also not significant. 
Similar results have been quoted by Parkes (1923^) and Perry 
(1956). 
Table 20. Estimates of phenotypic correlations of traits of Duroc pigs 
Total Mortality at: 
Litter Sex Still 0-1 2-5 6-20 
Size Ratio born Days Days Days 
Female Mortality at : 
Still 0-1 2-5 6-20 
born Days Days Days. 
Male Mortality at : 
Still 
bom 
0 - 1  
Days 
2-5 
Days 
6-20  
Days 
Reg. Fetuses 
Litter Size 
Sex Ratio 
Total Mort.; 
Still born 
0-1 Days 
2-5 Days 
6-20 Days 
Female Mort.; 
Still born 
0-1 Days 
2-5 Days 
6-20 Days 
Male Mort.: 
Still born 
0-1 Days 
2-5 Days 
6-20 Days 
-0.03 0.13 0.04 0.09 -0.01 0.02 -0.01 0.05 -0.08 -0.04 0.10 0.07 -0.06 0.07 
0.06 0.11 0.04 0.04 -0.03 0.16 -0.03 -0.00 -0.03 0.07 0.12 0.02 -0.06 
-0.02 0.17 -0.10 0.18 -0.12 0.05 -0.08 0.09 0.09 0.11 -0.04 0.24 
-0.01 -0.07 
0.04 
-0.06 0.78 0.06 -0.10 -0.01 
0.05 0.02 0.72 -0.05 0.05 
0.11 -0.05 -0.08 0.78 0.14 
-0.06 0.08 0.07 0.82 
0-.04 -0.06 -0.09 
-0.12 0.04 
0.04 
0.74 -0.03 -0.01 -0.07 
-0,03 0.81 0.11 0.05 
-0.09 0.08 0.70 0.02 
-0.06 -0.06 0.08 0.84 
0.24 0.02 0.01 -0.07 
0.06 0.27 -0.02 0.10 
-0.12 -0.01 0.20 0.04 
-0.01 -0.01 0.15 0.48 
-0.07 -0.02 -0.04 
-0.14 -0.08 
-0.01 
Table 21. Estimates of phenotypic correlations of traits of Hampshire pigs 
Total Mortality at: Female Mortality at: Male Mortality at: 
Litter Sex Still 0-1 2-5 6-20 Still 0-1 . 2-5 6-20 Still 0-1 2-5 6-20 
Size Ratio born Days Days Days born Days Days Days born Days Days Days 
Reg. Fetuses 0.09 -0. ,02 0. 15 0. ,10 0. ,04 -0. 01 0. ,08 0. ,15 0. ,03 0. 03 0. 11 0. 02 0. 01 -0. 10 
Litter Size 0. 06 0. 06 -0, .01 0, .10 0. ,17 0. 06 0. 03 -0. ,01 0. 14 -0. ,04 0. ,00 0. ,04 0. 11 
Sex Ratio -0, .06 -0, .01 -0, .03 0. 02 -0, .06 0. 09 -0. ,05 -0. 01 -0. ,05 -0. ,07 -0. ,04 -0. ,07 
Total Mort.: 
Still born 0, .11 0, .02 0, .02 0, .72 0. 09 0. 08 -0. 01 0. 78 0, .03 -0, .03 0. ,00 
0-1 Days -0, .02 -0. 10 0, .10 0, .68 -0. 01 -0. 12 0. ,05 0. ,77 -0. ,02 -0. ,06 
2-5 Days 0, .16 0. 01 -0, .06 0, .66 0. 11 0. 04 0. ,01 0, .76 0. 08 
6-20 Days -0, .00 -0. 03 -0. ,04 0. 70 0. ,01 -0. ,07 0. 22 0. ,74 
Female Mort.; 
Still born 0, .02 -0, .03 -0. 06 0. ,17 0. 08 0. 02 0. ,01 
0-1 Days -0, .02 -0. 06 0, .09 0, .12 -0, .07 -0, .04 
2-5 Days -0. 03 0. 17 -0. 00. 0. 10 -0, .02 
6-20 Days 0, .02 -0, .08 0, .19 0, .17 
Male Mort.; 
Still bom -0 .04 -0, .07 -0, .00 
0-1 Days 0, .01 -0, .02 
2-5 Days 0 .07 
6-20 Days 
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The correlation of litter size and the proportion of 
total births which were still-born, dead 0-1 days, dead 2-5 
days and dead 6-20 days were 0.11, 0.04, 0.04 and -0.03 re­
spectively for the Duroc pigs, and 0.06, -0.01, 0.10 and 6.17 
for the Hampshire pigs. The correlations of litter size and 
percentage of still-births are in the same direction but lower 
than the values of 0.32 given by Belie and Soldatovic (I965) 
and 0.56 by Sovljanski and Milosavljevic (19é5), and in the 
opposite direction to the figure of -0.26 quoted by Lynch 
(1965). There are no values quoted in the literature for the 
correlations of litter size and the proportion of death in­
cidence in specific time periods. The correlation of litter 
size at birth and litter size at weaning in other data has 
been reported to be 0.58 (Louca and Robinson, I967). however, 
an equivalent estimate was not calculated in the present data. 
The values of the correlations between the proportion 
dead at different times both for total mortality and within 
sex mortality were generally less than 0.10. Since the oc­
currence of a death within a given period reduces the propor­
tion of deaths possible in any other period, the correlations 
of the proportion of total born which died at different times 
will be less than if the proportions were calculated relative 
to the number alive at the beginning or end of each period. 
The components of mortality within each sex were highly cor­
related with the components of total mortality; this result is, 
however, not unexpected, as the total mortality is a linear 
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function of the mortalities within the sexes. 
Genetic correlations between the traits in both the Duroc 
and Hampshire breeds were calculated using the method of Hazel 
(19^3) from the daughter-dam regression analyses. However, 
because the heritability of the majority of the traits was 
either very small or zero, many of the genetic correlations 
were.beyond the theoretical limits. The standard errors of 
those which were within such limits were very large. 
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VI. SUMMARY 
The purpose of this investigation was to study the ge­
netic effects of paternal irradiation on litter size and early 
post-natal mortality in swine. 
The data were obtained from 32,372 pigs in 3,053 litters 
of Duroc and Hampshire breeds, raised at the Bilsland Memorial 
Farm, Madrid, Iowa,•between spring, 1959. and fall, 1966. The 
testes of normal sires were treated directly with a total dose 
of 300r of X-rays (at a rate of lOOr per minute) approximately 
six months before the sires were mated. These sires comprised 
about half the total number of sires used during the study. 
The other sires were used as controls. Four treatment combi­
nations were possible with the combinations of sire and ma­
ternal grandsire treatment of Or and 300r of spermatogonial 
irradiation. 
The average litter size at birth was 10.57 for the Duroc 
pigs and 9.7^ for the Hampshire pigs. The Duroc litters ave­
raged 0.60 regressing fetuses per litter, and the Hampshire 
litters, 0.32 regressing fetuses per litter. Hence, the total 
number of pigs born averaged 11.17 for the Durocs and 10.06 
for the Hampshires. 
The sex ratios at birth were O.498 (Duroc) and 0.515 
(Hampshire). The mortality to 20 days of age was approximate­
ly 25 percent of the average litter size at birth, with ap­
proximately 6 percent of the pigs born being still-born. The 
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greatest death loss occurred between 2 and 5 days of age. 
A least squares analysis within each breed was made to 
evaluate the effects of year and season of birth of the lit­
ter, and parity of the dam on litter size and early post­
natal mortality. The regression of litter size on each trait 
was also included in the analysis. The effect,of year of 
birth of the litter was generally variable in its effect on 
the traits studied. Season of birth had little or no effect 
on the traits, except that there were more deaths in the Duroc 
litters born in spring than those born in fall. As the parity 
of the dam increased, the average litter size increased vjith 
a peak of litter size occurring about the fourth or fifth 
parity; the Incidence of mortality of young pigs also in­
creased as the parity of the dam increased. The incidence of 
death was greater in large litters than in small litters; how­
ever, increase in litter size had little effect on sex ratio 
or the number of regressing fetuses per litter. 
All observations were corrected for environmental effects, 
using the constants from the least squares analysis. Least 
squares estimates were made on the corrected data for the main 
effects of sire treatment and maternal grandsire treatment, 
and the interaction of sire treatment and maternal grandsire 
treatment. The effects of the-treatments on most of the 
traits were not significant; those traits showing significant 
(P < 0.05) effects were as follows; 
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Breed Sire Treatment Maternal Grandsire Interaction 
Treatment • 
I 
Duroc increase in 
litter size; 
increase in 
total mort­
ality at 6-
20 days of age 
Hampshire decrease in total decrease in 
mortality as still- total mort-
births; decrease in ality at 6-
"birth male and fe- 20 days of age ; 
male mortality as decrease in 
still-births; in- male mortality 
crease in female at 6-20 days 
mortality at 2-5 of age 
days of age 
The frequency distributions of each trait for each class 
of individuals having 0, 25, 50 and ?5 percent of their geno­
type descendent from irradiated spermatogonia were skewed to 
the left for most traits, except sex ratio which was approx­
imately normally distributed. The distributions for all char­
acters, except sex ratio were leptokurtic. 
There was little evidence that the irradiation treatment 
had greatly changed the variation of the quantitative char­
acters studied. The treatment components of variation for 
sire treatment, maternal grandsire treatment and the inter­
action of sire treatment and maternal grandsire treatment were 
either negative, zero or small for each character,and contri­
buted less than two percent to the total variance of each trait 
Hierarchal analyses of variance of sires and dams within 
sires for each breed-treatment group, ignoring maternal grand­
sire irradiation and considering the progeny of the sires as 
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young growing pigs, were performed. The paternal component of 
variance averaged about one percent of the total variance; 
this component was greatest for mortality during 6-20 days of 
age. No consistent differences in the paternal component be­
tween control and irradiated groups were noted. 
Hierarchal analyses of sires, dams within sires, daugh­
ters within dams, records within daughters were performed with 
each sire treatment group for each breed; in this analysis the 
progeny of the sires ifere regarded as reproducing females. 
The sire and dam components of variance within sire treatment 
groups were generally small and not significant. 
Estimates of heritability of each trait calculated from 
the sire and dam components of variance using the combination 
of the hierarchal analyses within each sire treatment group 
were low and generally not significant. 
Daughter-dam regressions gave further estimates of heri­
tability which were slightly higher than those estimated from 
the hierarchal analyses and which varied depending on which 
records of dam and daughter were compared. The comparison of 
the primiparous record of the dam with the second record of 
the daughter gave the lowest figure. Estimates of repeat­
ability and phenotypic and genetic correlations of the traits 
estimated from the daughter-dam regression analysis were low 
and generally not significant. 
Results obtained on this study suggest that paternal ir­
radiation had little effect on the number of regressing fetuses 
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and early post-natal mortality in pigs; this effect was zero 
or small for most of these traits and was generally Inconsis­
tent between breeds. There was a consistent increase in the 
litter size of Duroc pigs, however irradiation had no effect 
on the litter size of Hampshire pigs. It appears that sperm-
atogonial irradiation has little practical application to the 
improvement of large animals by mass selection. 
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